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I. — Foreword. | 


Railless electric traction is carried out 
in two definite ways: electric traction 
with accumulators, and electric traction 
with the power transmitted by means of 
a‘double trolley wire above the road. 

The first method has against it the 
well-known difficulties inherent to the 


weight of the accumulators to be carried, 


and its field of application. is limited not 
only from the financial point of view but 


also by purely technical reasons, relative. 


to the-suitability of this method of trans- 
port for conveying large masses at high 
speeds (2). 

In its second form railless electric trac- 
tion is capable from the technical point 
of view of giving very good results, in 


every way equivalent to those to be ob- 


tained with tramways and motor vehicles. 


(1) Translated from the Italian. 

(2) See: Corinr, « Costruzione ed esercizio 
delle Ferrovie » (Construction and operation 
of railways), vol. IV : « Electric traction ». 


xf 


The question we have to consider is to 
see if, from this point of view, this form 
of transport has its own particular field 
of use and what are its limits. 

The problem has particular interest 
today, seeing that the applications in Eu- 
rope and America (*), (namely in Eng- 
land and the United States) are numer- 
ous and that there is a tendency to sub- 
stitute railless electric traction for tram- 
ways the operating results of which are 
unfavourable. Should this tendency be 
encouraged, or on the contrary should it 
be resisted ? We will answer this ques- 
tion by finding a solution to the more 


general problem, that of deciding the 


economic limits of the field of applica- 
tion of railless electric traction. 

We will follow in this investigation the 
method we have applied previously in in- 

(3) Gfr. Ing. Prazza: « La Filovia come 
mezzo di trasporto per le masse » (The elec- 
trie road vehicle as a method of mass trans- 
port), Hlettrotecnica, 1931, No. 31. 


\ 
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vestigations of the same kind (*); we 
will calculate the cost price of the unit 
of traffic for the three methods of trans- 
port: electric tramway, railless electric 
road vehicle, road motor vehicle, and we 
will indicate in which cases the cost of 
the traffic unit by railless electric ve- 
hicles is lower than that of the unit of 
traffic by tramway and by road motor 
vehicle. 


TI. — Cost of the virtual ton-kilometre 
in the three systems considered. 


The problem which occupies us is to 
determine the cost price of the passenger 
kilometre and of the ton-kilometre; to 
arrive at this it is necessary to take into 
account the use made of the seats avail- 
able and of the loading capacity offered 
as well as of the tare weight per passen- 
ger and per ton of goods. 

These elements vary considerably from 
one line to another; we will first deter- 
mine therefore the cost of the virtual 
ton-kilometre in each of the three cases. 

We will then deal with the cost of the 
unit of traffic on the basis of the aver- 
age figures of utilisation and of tare. 


Cost of the virtual ton-kilometre 
by tramway. 


Supposing the tramway to be laid en- 


tirely on an ordinary road in order to 


make the conditions of construction the 
same for the three methods of transport 
to be compared, we have to consider the 
following elements in the cost. price : 


I. — Expenditure relative to the fixed 
plant of the tramways. 
a) Tracks and stations. 
Let A be the cost of the track per lo 
“"(4) Cir, work by the same author quoted in 


footnote (1), vol. V: « Movement and traffic 
and economie questions >, Chapter X, 


metre inereased by the proper propor- 
tion of the cost of the stations per kilo- 
metre of line. 

Let r, be the annual charges including 
interest, sinking fund, renewal, and r, 
the cost of maintenance. The annual ex- 
penditure per km. of line will then be: 
(1, at ie A. . 

If + be the number of virtual ton-kilo- 
metres (tkm.) per km. of the tramway 
line under consideration, the above ex- 
penditure related to the virtual tkm. unit 
will be: 

(7, + 12) A 
Tag 

b) Electrification equipment. 

-Let I be the cost of the electrification 
equipment related to the kilometre of 
line electrified. The cost per km. of line 
will be y.I, y being the ratio between 
the development of the electrified tracks 
and the length of the line. If r,’ and r,/ 
be the annual charges and the mainten- 
ance charges respectively, the relative ex- 
penditure of the electrification equipment 
per virtual tkm. will be: 

mitre 


tT 


sl 


II, — Management, administration, oper- 
ating and traffic charges, not. ‘inelud- 
ing train staff. 


‘These costs can be taken as being con- 
stant per km. of line. If they be repres- 
ented by M, the expenditure under this 


head per virtual tkm. will be: 2 


II. — Traction and train staff costs. 


a) The traction costs per virtual tkm. 
can be divided in their turn into energy — 
costs and rolling stock costs. . 

The energy costs, if e be the number 
of watt-hours (w-h.) per virtual tkm. 


5! 
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and E the price of the kw.-h., are repres- 
ented by 10° .e.E. 

Let o represent rolling stock costs per 
virtual tkm. These include expenditure 
on interest on the capital corresponding 
to the cost of the rolling stock and the 
maintenance thereof, related to the vir- 
tual tkm. 


_ b) The driving costs and the train staff 
costs of the electric tramway trains can 
be considered per virtual tkm. and as a 
whole be indicated by p. This hypothesis 
implies that the tramway trains are al- 
ways made up to the same strength. 

To sum up, the cost of the virtual tkm. 
by tramway can be expressed as follows : 
v- I 


Tv 


Cy = ("4 a eer + 1'9) 
$0 410-3 -¢-E+etp. (1) 


Cost of the virtual tkm. of railless elec- 
tric trains (motor vehicle or motor ve- 
hicle and trailer). 


I. — Fized plant. 


a) Permanent way and sheds. 


Although no special permanent way is 
required on the ordinary road when op- 


erating a railless electric line, a share of — 
“the cost of construction and maintenance 


of the road surface must be considered 
as being a debit to this line. If A’ he 


the cost of construction of a section of 


the road surface 1 km. long and 2 m. 
wide, and R, the charges including inter- 


est and sinking fund, R, the costs of 


maintenance, the expenditure per virtual 


thiri. < bedoiese (Re fas ewhens 
: m. SL ES ast Ete aA ar 


is the fraction of the cost to be borne by 
the railless electric service and < retains 
the value already used in the preceding 


case to represent the traffic in virtual 
tkm. per km. of line. 

In order to take into account all the 
expenditure relating to the construction 
and maintenance of the sheds, the coeffi- 
cient ». > 1 will be introduced and we 
then get: 


Al 
= (Ry + Rg) = 


b) Electrification equipment. 

We shall have an expression similar 
to that arrived at in the case of the tram- 
way, 1. é.: 
vy: Ii 


v 


(RY + RB’) 


II. — Management, administration, oper- 
ating and traffic charges, not includ- 
ing train staff. 

As in the preceding case, the charges 
U 


can be expressed by —T 


Ill. —Traction and train staff costs. 


As in the preceding case we shall have 
10° .e’.E for the traction cost, e’ being 
the number of watt-hours required per 
virtual tkm. on an ordinary road, and 


oo + p’ for the costs of the rolling stock 


and the train staff of the railless elec- 
tric trains. . 
As total we get: . 


~ 


N roy 
- Cg = (Ry + Rs) — (Ry 4 R’,)> 


+i -8sd- Ete ty @) 
Cost of the virtual tkm. of the motor 
omnibus. 
I. — Fiaed plant. 
Permanent way and shed. 
The expenditure does not differ from 


Rate pci t= ee. EC) OAR ee ee oe 
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that involved in the case of railless elec- 
tric traction and can be expressed by : 
Uf 


(Ri + Rel 


7 
Il. Administration and operating costs. 


These do not differ from: those for 


railless electric traction and are conse- 
/ 


M 
quently expressed by —- 


¥ 


Il. Traction and train staff costs. 


If we let b indicate the number of ker. 
of petrol per virtual tkm., B the price 
per kgr. of petrol, the cost of fuel will 
be given by b.B. 

We shall have in addition : o” the ex- 
penditure relative to the rolling stock and 
p the costs of drivers and conductors 
equal to those in the preceding case. 

'We then have : 


A’ M 
Cy—= FIR, + Ro) + +d. Bra" tp (3) 
II. — Comparison between the railless 


electric road vehicle and the road mo- 
tor omnibus. 


We will limit the comparison to the 
single case of practical interest, i. e. to 
the passenger service. 

Let x be the weight in tons on the rail- 
less electric motor vehicle, and 7 the 


weight of the motor omnibus, y and 
respectively the number of seats. If the 
coefficient of use of the seats available 


pS 4 ; 

is in both cases a the tare weight per 
. : 1% Tt 

passenger is respectively u — and u = 


tons. If the average weight of the pas- 
senger is 0.07 ton the total weight of 
the electric motor vehicle and of the mo- 


‘ . * Tv 
tor omnibus will be respectively w mi aE 


i 


' 
0.07 and u 5 + 0.07 ton. 
The cost price per virtual passenger- 
km. of the railless electric motor vehicle 
will be: 


Vj =(u=+ 0.07) - G. & 


and that per virtual passenger-km. on the 
road motor vehicle : 


rif 
Va= (uz +0.07) - Cpe ieee 


Conveyance by railless electric vehicle 
will be cheaper than by road motor om- 
nibus if we have : 


Vp ecient: 16} 


Taking account of formule (2), (3), 
(4), and (5), we find the expression (6) 
becomes : 


H (Ry + Ra) Al + ¥ (BY, + BY) 


ten) 


/ 
< (u as 0.07) 


; (R, +R.) AY + 


S43, @ls E+a'+p'| 


4b Bob. oh tigi see oy 


f 
If : be taken as equal to = then the formula (7) becomes : 


v. ( RY Sis R’2) Yl 


+10-3.¢. B+o'<b- Bo" ... . . 8) 
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In consequence, condition (6) is met, 
in other words the railless electric line 
must be preferred when : 


¥ (R's + Ri’) 
k. B—10-*. E+ o"— oa! 


The traffic intensity in virtual tkm. per 
km.: 


(9) 


Aree y (R’, + R's) I’ 
1b. B—10-2- e&- Eta! 


represents the intensity of the limiting 
traffic below which the motor omnibus 
service is the better; above it railless 
electric traction is to be preferred. 

In order to determine the value of 7, 


» (10) 


it is as well to consider the value of the ~ 


different elements entering into the ex- 
pression (10). 


‘The cost of the contact line for a rail-~ 


less electric service evidently exceeds that 
of a tramway. If in the, latter case the 
cost can be taken as 45.000 lire per km. 
of single track, for the former a cost of 
70 000 lire per km. also for single track 
with overhead line must be allowed. 

If the electrification equipment of a 
single track tramway including the sub- 
stations and the feeder lines represents 
an expenditure per km. of 120000 to 
150 000 lire, i. e. an average of 135 000 
lire, the cost of the electrification equip- 
ment of a railless electric line lies be- 
tween 145.000 and 175000 lire per km. 


and on the average is 160 000 lire, so that — 


we can write: 
I’ = 160 000 (lire). 


We can also take : 


ys {20 
ene 
ey ees 


Let us now determine the values of eé 


Leoawd bet 


_ whence : 


Let us suppose that the operation is in 
both cases at a speed of 30 km. per hour 
on straight and level line. 

The resistance on straight level line per 
metric ton of a motor omnibus is given 
by: 

r—=a-+t BbV*(8) 
in which : 

a = the resistance in kgr. per metric 
ton, not including air resistance 


b = 0.0000142 + 0. 00592. 0’ 


+S = cross section of the motor vehicle 
in square metres. 
V = speed in km. per hour. 
Q — weight of the motor vehicle in 
metric tons. 
On a good macadam road we have : 
a == 20 ker. per ton. 
On an asphalt road : 
a.—= 15 ker. per ton. 
Let us take the latter value. 


Supposing aa 1, when V = 30 km. 
per hour = 8.3 m. per second, we find : 
bV? = 5 ker. per ton, | 
r == approx. 20 ker. per ton. 
The work equivalent to a ton weight 


over one kilometre on the level is given 


by: 

a ee 
tres (Ker-M.). 

Let us suppose there is a halt every 
200 m., and consequently 5 starts per km. 
If we take the final speed of each por- 
tion of run with current off as V = 15 
km. an hour = 41 m. per second, we 
find that the energy used at the 5 starts 
mentioned above less the energy regen- 


20 000. kilogramme-me- 


(6) Cfr. « Meccanica della locomozione >, 
pp. 25 and 27. 
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erated in the five corresponding coasting 
phases is given by : 


1 5 


L, = 5 ‘gmV=5 ° ——_ » 


whence : 
L, = ~ 3800 Kgr.+M. 


The energy per virtual tkm. is there- 
fore : 


L=L, + L, = 23 800 Ker -M.— 233 478 
joules 


or I = 65 w-h. Taking 0.60 as the co- 
efficient of overall efficiency from the 
high tension bus bars to the wheels we 
have: e’ = 108 w-h. 

Supposing the consumption of an in- 
ternal combustion motor of a motor ve- 
hicle is 0.26 kgr. per indicated H; P.-hour, 
and that the overall coefficient of effi- 
ciency is 0.86 we have : 


b = 0.02621 ker. of petrol. 


7, = 260 740 

whence : 
sg 7124 — 

or again : 


7, = 100 


In other words the traffic must be suf- 
ficient to justify running 50 pairs of mo- 
tor omnibuses each day: that is to say 
if the traffic offers between 6 a. m. to 
8 p.m., i. e. during 14 hours, the depart- 
ures take place every 17 minutes in both 
directions. 

When B, = 2.40 lire, the value of T 


We can take: 
E = 0.15 lira per kw.-h., 
B = 1.60 lire per kgr., 


which corresponds to petrol at 1.2 lire 
per litre. To take into acount the recent 
rise in price we will also take into con- 
sideration the value B, — 2.40 lire per 
ker. 

The cost for tyres and repairs per vir- 
tual omnibus-km. can be calculated on a 
mean of 0.90 lira corresponding to 0.128 
lira per virtual tkm. 

The interest and sinking fund charges 
per motor-omnibus-km. can be taken as 
0.75 lira corresponding to 9.107 lira per 
tkm. In all o” == 0.235 lira. 

The corresponding value for the rail- 
less electric vehicles is appreciably lower. 

According to American statistics, the 
difference is about 0.055 lira and conse- 
quently s” — 0.18 lira. 


When B, = 1.60 lire per kgr. we have: 


virtual tkm. per annum 


per km. 


virtual tkm. per day 


per km. 


vehicle-km. per day 
per km. 


is about 8/10 of the preceding case and 
consequently the interval between vehi- 
cles in each direction is about 24 min- 
utes. 

This is rather a large traffic and one 
hardly likely to be found on outer sub- 
urban lines, but. only on inner suburban 
or urban lines. 


ee, 


s ye 


— 1713 — 


IV. — Comparison between the tramway 
and the railless electric vehicle. 


Let 7,” be the weight of a tramway 
coach of capacity y,” and 7)” and y,” 
respectively the weight and capacity ofa 


~ trailer. 


If a tramway train be taken as com- 
posed of a motor coach and trailer and if 


4 ce aed <a! 
al be the coefficient of utilisation of the 


when : 


(Ry + Re) A’ + v (RY, + R’e) I + MW’ 


available seats, we see that the weight per 
passenger is ene by : 
u! ac! i + 2", 
9 wah 
The cost price per passenger km. is : 
wu! acl To 
Vi=|5(St+ =3)+0.07]c, 
SSN (el areena (2 
The transport by railless electric ve- 


hicle will be better than by tramway 
when : 


Ve< Ve (12) 


é- E+ o/+p! = 


(uz a aa 
Y n 


“t 


4+ 10-3. 


» e¢ 4 
and whence: 

bir, + r)A—at 
535K 


7 (ba + Re) At + by (ry + 1/2) — ay! (RY; + RB’, ) ’+obM —aM' 


/ ! 
<[$(t+5 2) +0.07 | . [era TEM g-s. oe B+otp| 


(13) 


33 . 


after taking : 


ux + 0.07 =a 
Y 
and 
u’ ; ty Ih 
5 (ni +52) + 0.07 =. 


The limiting value +', will be given 
by the second member of equation (13). 

In order to determine the value of 7’, 
let us fix the value of the elements 
making up the second member of equa- 
tion (43). 


eA a 
Lege = TAs, Yeol roses we have: 


a@ = 1.20 metric ton. 
In the case of the motor vehicle we 


" 
can make = — 0.333 ton, and the trailer 
4 A 
. : 


To 


= = 017 ton. 


E (ae! — be) + ac! — ba + ap! — bp 


1 { 
Taking acy - =z We have : 


b = 1.10 ton.” 


If a motor vehicle alone were consider- 
ed we should have had b = 1.73, 

The average of b in the two cases would 
be 1.40, that is to say higher than the 
value of a. 

For a preliminary calculation we can — 
make a — b, and we can also take A = 
150 000 lire per km. 

Taking the life of rails at 50 years, we 


have: r; = SAT %. 


For the maintenance costs, we can sup- 
pose r, = 1.53 %. 3 

We get thereby: r, + r= =71%. 

A section of road surface made of a 
concrete-and asphalt conglomerate 2 m. 
wide and 1 km. long may cost about 
50 000 lire. 
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If the traffic by railless electric vehicle 
on the 2-m. wide section considered is 
half the. total traffic of the line, by 
making v = 1.10: 


E A’ = 97 500 lire. 


The life of the road surface being taken 
as equal to 20 years we have: 
R, = 0.080. 


We also admit that R, — 0.027, 
whence R, + .R, = 0.107. 


Let us make : 


Py == Rigas h%; 
ee R's =4 %, 
Feet teed he 
I = 135 000, 
I’ = 160 000. > 


In general we find M > M’; let us take 
for the preliminay calculation, M = M’. 
We have also e’ = 108 wh. as found 


in the previous case. By the same method 


and again taking 5 starts per km., we 
have : 
= ys) + bV2. 

We can consider the second term as 
equal to that adopted for the railless elec- 
tric vehicle by using 5 kgr. per ton for 
the motor vehicle and 1/3 of this value 
or 1.7 kgr. per ton for the trailer. 

The average will give : 


pye = GX?) fh 3.9 kgr. per ton. 
We get from this: 
r = 6.4 ker. per km. 
L, = 6 400 Kgr.-M. 
Still supposing 5 starts per km. and 
_the speed at the end of the run with cur- 
rent off as 15 km. an hour we have : 
L, = 3800 Kgr-M. ; 
L=L, + L, = 10200 Kgr-M. 
= 100.062 joules. 
L = 27.6 wh. per virtual tkm. 


Again assuming the coefficient 0.60 for 
the overall efficiency from the high ten- 
sion bus bars to the driving wheels, we 
have : 


The value of c for the tramway stock 
is undoubtedly lower than in the case of 
the railless electric vehicle. 

Against the expenditure on tyres there 
is that for the wear of the metal tyres. 
On the other hand the interest and sink- 
ing fund charges on the rolling stock are 
rather greater. 

An exact calculation is 
make. 

If we suppose. ¢ = o’ we rather fa- 
vour electric railless traction. 

The costs of train staff in the case of 
the tramway, if the load be taken as con- 
sisting of one motor vehicle and one 
trailer, are lower than in the case of the 
railless electric vehicle service, but as we 
have supposed M = M’ whereas in reality 
M > M, we can in the same way admit 
as a rough approximation p = jp’, al- 
though on the contrary p < p’. 

With these hypotheses we have : 


difficult to 


<’, = 293 800 virtual tkm. per annum 
= 


per km. 
whence : Sp 
7, = 816 virtual ea diem 


V. — Financial limits to the field 
of application of railless electric vehicles. 


With the hypotheses allowed in the two _ 


above calculations the railless electric 
traction is found to be better than trac- 


tion by road motor vehicle and tramway 


where the annual traffic in virtual tkm. 
is, per km. of line, such that : 


260 740 < + < 293 800 


~ 


ai ry 


ate ilnel 


ar oor aa pe 
». Wey hee 


A 
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or in tkm. per day per km.: 
124 <7 < 816 


The limits within which this system is 
economically applicable are seen to be 
restricted. 

If we examine closely the hypotheses 
made we find that they are almost all 
in favour of railless electric traction, 
such in particular is the case when we 
supposed o = a’. 

The hypothesis a — ), that is to say 
the weight of train per passenger taken 
as equal in the two cases, is the only one 
unfavourable to the railless vehicle. The 
use of more exact hypotheses would not 
modify the results appreciably: we 
should even narrow the already restricted 
field of the economical application of 
railless electric traction. 

If we should wish to extend the com- 
parison of the three methods of traction 
to goods services, we should find that the 
possibility of applying railless electric 
traction has completely disappeared and 


the field of application of road motor ve- 


hicles considerably widened as it would 
be necessary to take into account the ad- 
vantages of this method in being able to 


collect and deliver at the customers’ pre- 
mises (7). 


Conclusion. 


Railless electric traction cannot be 
economically used for the conveyance of 
goods traffic. As regards passenger traf- 
fic, its field of application is limited and 
is only possible under certain well de- 
fined operating conditions. 

Most often the intensity of traffic 
which would justify from the financial 
point of view railless electric traction in 
preference to road motor traction is suf- 
ficient to justify the preference being 
given to electric tramway traction over 
railless electric traction and over road 
motor traction. 

The practical application of railless 
electric traction can only be justified in 
exceptional cases and not from a finan- 
cial point of view: such as when in 
the case of heavy urban or suburban 
traffic, it is desired to substitute for the 
tram units smaller units as regards the 
number of seats, running more frequent- 
ly, and when it is desired to get a road 
surface better suited to road motor traf- 
fie and not spoilt by rails with their un- 
avoidable elastic deformations. 


(7) See Bulletin of the Raiway Congress, January 1932. « Transportation by railway 


and by road motor vehicles. > 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


{2th SESSION (CAIRO, 1933). 


QUESTION V: 


Electrification of railways from an economic point 
of view. Selection of sites for generating stations. 
Choice of the kind of current. Safety precautions, etc. 


REPORT No. 2 


Spain, France, Italy, Netherlands, 
Denmark, Finland, Luxemburg, Norway and Sweden), 


by Mr. JAPIOT, 


Ingénieur en chef adjoint du Matériel et de la Traction, Paris, Lyons + 
and Mediterranean Railway Company, 


and Mr. LEBOUCHER, 


Ingénieur en chef des Services techniques du Matériel ct de la Traction, 
French Midi Railway Company. 


(Belgium, Portugal and their Colonies, 


QUESTION I. teat B. — General considerations 


The electrification of railways 
from the financial point of view. 


A. — Preamble. 


We have wished in the first question 
to endeayour to ‘find the number, the 
nature and importance of those factors 
by which the opportunity of an electrifi- 
cation may be judged, in other words 
we have wished to attempt to separate 
and bring to light the conditions that a 
line or group of lines or a system ought 
to fulfil if its electrification is to be of 
value from the financial point of view. 

We have considered several types of 
electrification and endeavoured to clas- 
sify them according to their general cha- 
racteristics bringing out the solutions 
adopted and the results obtained. 


— ‘ 
' 


hn ee . 


upon electrification. 


a) Economy or suppression of fuel. 


By electrification we understand either 


the substitution of electric traction for 


steam traction on the lines where the 
latter is used, or the use of electric trac- 
tion on new lines where this method 
of traction is applied when the lines are 
first opened to operation. 

At the present time, when electrifying 
a railway, economy of coal is the ees 
sought. 

This saving can be. effected in two 
ways : either by using water power when 
available in the country, or’by neues the 
coal in steam power stations. 

In the first case the harnessing of the 
water, the construction of the dams and 
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the power stations involve costly civil 
engineering works. 

In the second case the erection of the 
steam power stations also involves the 
expenditure of large sums of capital. 

If the saving of fuel is complete, when 
the source of energy is of hydraulic ori- 
gin, it can also be very appreciable in 
the case of steam power stations. 

At the present time, the efficiency of 
turbo-alternators of high power per unit, 
the use of fuel of indifferent quality, 
which could not be used on steam loco- 
motives, where it should be of high qua- 
lity, make it possible to produce energy- 
much more cheaply than on the steam 
locomotive. 

_ Compounding, superheating, feed wa- 
ter heating, and special valve gears have 
without doubt improved the efficiency 
of the steam locomotive to a considerable 
extent; if the use of very high pressures 
has opened new perspectives, it is none 
the less true that at the present time the 


steam locomotive remains an instrument © 


of low efficiency. 

Thus in certain countries where wa- 
ter power is not available to any extent, 
the electrification which has been car- 
ried out in conjunction with steam pow- 
er stations especially when these are 
erected near coal mines, can compete 
with steam traction in spite of the ine- 
vitable losses resulting from the trans- 
mission of the power. 

In any way and no matter what be the 
original source of supply of power, the 
preliminary investigation to arrive at the 
principal factors which come into ac- 
count when considering electrification 
has to be made with care. One of these 
factors, and one of particular impor- 
tance, is difficult to determine : this is 
the weight of coal consumed correspond- 
ing to a kilowatt-hour. 

The comparisons that have been made 
on sections formerly operated by steam 
and now electrified are not many and 
* give rather uncertain values. These re- 
sults moreover have been taken some- 


times from cases of electrification of a 
rather particular nature and it would be 
imprudent to use them when considering 
new lines the characteristics of which 
may differ considerably. 

For example, on the Bordeaux to Irun 
line of the French Midi Railway, a line 
with heavy traffic and of easy profile 
over its larger part, a kilowatt-hour at 
1500 volts at the substation for equal 
work replaces 2.1 kgr. (4.4 Ib.) of coal 
burnt in the steam locomotives. 

It is also necessary to ascertain the 
number of electric locomotives that must 
be acquired, in other words to ascertain 
for an equivalent or more intense service 
the number of steam locomotives that an 
electric locomotive can replace. In this 
case again a comparison with lines al- 
ready electrified may give valuable figu- 
res when there is a great resemblance 
between the sections in question (profile 
and traffic). 


Without insisting upon the many other 
factors which must be considered, a ba- 
lance sheet, which we will deal with in 
greater detail further on, which takes 
into account the value of the traffic, the 
prices of the stock, of the equipment, 
of labour, the reduction or suppression 
of coal, makes it possible to ascertain for 
each line the limiting value of the traffic 
below which electrification would not 
be profitable. e 


At this point, we may say that outside 
those cases where energy is available at 
exceptionally favourable prices, it is as 
well not to count upon obtaining from 
the electrification of a railway as carried 


through with the methods now known, _ 


large and immediate savings. 


b) Solutions applied to various 
problems. 


Apart from the possible reduction in 
expenditure, electrification makes it pos- 
sible to get satisfactory results in other 


ways, as it forms an improvement, it bet- _ 
ters the efficiency of a railway, and it 


? 


well as the operator and the staff. 
operating results show moreover that the 
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often brings an increase of receipts fol- 
lowing on the increase of traffic it cau- 
ses. 

It is also capable of bringing a solu- 
tion to some difficulties that could not 
be overcome with any other form of 
traction. 

For example, it has made it possible 
to solve the difficult problem of the 
blocking up of terminal stations and of 
the suburban traffic by using block-sets 
of cars, to increase the weight and the 
speed of trains, that is to say to increase 
the capacity of a line and consequently 
frequently to render doubling of the 


‘tracks unnecessary; it has made it pos- 


sible to work mountain lines in a satis- 
factory way, and in the tunnels as in the 
towns to suppress smoke. 

Electrification also brings very impor- 
tant economies in labour: staff of the 
depots, and engaged in handling fuel, 
enginemen, etc... 

Finally in most cases it allows the 
transmission system set up for feeding 
the traction lines to be used for trans- 
porting and for selling electric energy 
over the territory of the country. 


c) Technique of electrification. 
Its future. 


The diversity of the problems arising~ 


has been seen. The solutions adopted 
are not less varied. Actually and from 
the technical point of view the results 
are excellent; the public is satisfied, as 
The 


way the work is done is much more 


_ important than the system selected. 


A few years ago it might have been 
said that the problem of electrification 
was a problem technically solved and in 


“its main lines in a definitive way. 


This perhaps bound the future rather 


too much; thus mercury rectifiers have 


“come into use in industrial practice; at 
the present time they are completely re- 


liable; traction systems use them more 
and more, as they form a very valuable ~ 


method of transforming alternating cur- 
rent into direct current. These appara- 
tus have been the subject of constant in- 
vestigation. Already their use can be 
considered even on lines where regen- 
eration is used. 

What is even better, they will, it ap- 
pears, make it possible to transport elec- 
tric energy at a very high tension as 
direct current with transformation into 
three-phase current at the point of use. 

This would be a complete change in 
the methods followed at the present 
time when putting up systems for the 
transport and application of electric 
energy. This example shows how ne- 
cessary it is to be careful when it is a 
question of expressing a judgment on 
the state of an art at a given moment 
and on its possibilities. 


C, — The different types of electrification. 
Examination of the reports received. 


After having briefly summarised the 
complexity of the problems which arise 
when considering the opportunity of 
electrifying railways, we will give a 
brief review of the different electrifica- 
tions carried out, at the same time en- 
deavouring to classify them by type, and 
dealing more especially with those about 
which we have received information. 


I. — Electrifications that are necessary. 


As we have shown there are certain 
cases where electrification brings a solu- 
tion of difficulties impossible of solu- 
tion with any other method of traction. 
Even if the benefits of a financial nature 


-are uncertain, or even were they nil, 


electrification is necessary. 
We will now examine such types of 
electrification. 


a) Suburban and important terminal 
stations. 


Electrification has made it possible 
to cover the work in confined stations 
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in the centres of towns which have be- 
come inadequate for the traffic which 
they have to work. 

In many cases, it has made it possible 
to put off enlarging these stations, the ex- 
tension of which would have been extre- 
mely costly. 

A particular instance and a typical one 
of this type of electrification is supplied 
by the Gare Saint-Lazare of the French 
State Railways. 

The -electrification of the suburban 
lines of the State Railways, which began 
in 1900, was not carried out with the de- 
sire of using energy produced by water 
power or by the necessity of working 
heavy loads over difficult gradients, but 
by the need for overcoming operating 
difficulties. 

The State Railways have 3 large sta- 
tions in Paris: Saint-Lazare, Montpar- 
nasse and Invalides. The latter was not 
opened to service until 1900, just at the 
same time as the first electrified line, 
that of Paris-Invalides to Versailles-Rive 
gauche. The result looked for and ob- 
tained was to relieve the Saint-Lazare 
station to some extent. 

The difficulties were and still are 
greatest in the case of this station. They 
are due to the fact that its equipment 
no longer answers to the great exten- 
sion of its traffic. The extent of this 
increase in traffic may be realised when 
it is known that the number of passen- 
gers leaving this station during the hea- 
Virest hours (6,300. tol 7-300 -p. ni.) s 
which was 13 000 in 1910, today exceeds 
50 000. ; 

In 1929, the total number of suburban 


passengers using the Saint-Lazare station, 


was 106 millions. In the case of the In- 


.valides station it was only 14 600000 and 


the Montparnasse 10 300 000. 

To meet these difficulties the Railway 
had to intensify to the maximum the 
train service at the rush hours. The 
number of carriages was increased to 
the limit set by the length of the plat- 
forms (i. e. 22 carriages), Nonetheless 


certain trains worked with a consider- 
able overload of passengers. 

On the other hand, the layout of the 
station made it impossible to alter the 
composition of the rakes so as to make 
them suit the number of passengers; 
these enormous trains ran almost empty 
at the slack hours of the day and the 
average use of the seating capacity did 
not exceed 18 to 20 %. The result ob- 
viously was very high traction costs. 

In addition to the inadequate number 
of tracks in the station, there was the 
difficulty of releasing the locomotives 
which brought the trains in and the 
shunting to take water and fuel. 

Finally the commercial speed only 
reached 25 km, (15.5 miles) an hour for 
the stopping trains and 35 to 45 (21.7 
to 28 miles) for the semi-direct trains. 

The French Ouest Railway (now in- 
cluded in. the State Railways) endeay- 
oured to improve its operation by elec- 
trifying its suburban lines. 

By this electrification it was possible 
to use multiple-unit trains. These are 
trains composed of motor coaches and 
trailers arranged in such a way that an 
important rake of stock can be formed 
of identical elements or sections con- 
sisting of a motor coach and one or two 
trailers; each of these sections includes 
a driving compartment at each end. 

The train is thus formed of~one or 
several of these identical units. The ad- 
vantages of this arrangement can be ap- 
preciated. 

As there is a control compartment at 


both ends the train can run in either di- 


rection without any shunting at terminal 
stations. In this way the difficulties of. 
releasing and coaling and. watering the 
steam locomotives are abolished and 


thereby the shortage in number of the _ 


lines is met, RS 

At the rush hours the train can be 
formed of several Of these sections. But 
as soon as the number of passengers falls 


off at the terminus those sections not 


required. are detached and the smaller 


‘ 
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train sent away. The sections left be- 
hind can be left on the reception roads 
and be picked up with the greatest ease 
by a new rake arriving, as the couplings 
are automatic. If necessary, it is pos- 


- sible to drive them to the holding sid- 


ings, as they have their own driving 
compartments. 

In this way it is possible to get an ex- 
cellent use of the available seating. 

Finally the motive power is always 
proportionnal to the size of the train as 
it is distributed over its whole length. 
The same applies to the adhesive weight. 
These conditions, to which must be ad- 
ded the property of series motors, of 
developing at starting a high couple, 
make it possible to start away with cer- 
tainty and rapidity. 

The result of these advantages is the 


‘ possibility of a higher average speed 


which pleases the public and increases 
the operating capacity of the lines 
throughout. In addition the reception 
roads are quickly cleared so that the out- 
put can be increased. 

These were the reasons which led the 
French State Railways to apply electric 
traction to their suburban lines. 

We have moreover mentioned only the 
principal advantages, those which were 
sought after to overcome the difficulties 
which had to be met. 

In the same way and in different de- 
grees, several companies have had to 
solve similar difficulties on their sub- 
urban-lines or in their terminal sta- 
tions; thus the Norwegian State Rail- 
ways, the. Nord-Milano Railway, etc., 
have resorted to electrification. 

- On this latter system, the Milan-Bovisa 
section common to all lines radiating out 
of Milan has the heaviest traffic of ex- 
press, stopping, goods, and suburban 
trains. The Nord-Milano Railway. first 
of all considered extending the steam 
traffic for meeting the traffic difficulties, 
but it was not possible to install a fourth 
line on this section which mostly runs 
between buildings or in tunnels; in ad- 


_ d > rt > 
pase: 


dition the Milan station also being sur- 
rounded by buildings, the construction of 
the new lines required for operating at 
the terminal would have involved insur- 
mountable difficulties. 

In this case, once again, the require- 
ments of the surburban service made 
electric traction by multiple-unit trains 
essential. 

We may also point out that the Paris- 
Orleans Company (P. O.), by electrifying 
its suburban lines was able to avoid or 
to put off for a considerable time the 
sextupling of the lines between Paris and 
Bretigny, as well as-enlarging the Paris 
stations and certain marshalling yards. 

Finally on all these railways, the re- 
sults obtained have completely fulfilled 
the hopes and have demonstrated the va- 
rious advantages of electric operation in 
such cases. 


b) Elimination of ‘smoke. 
Metropolitan lines, central stations, 
tunnels, 


In these different cases and in parti- 
cular for metropolitan lines the suppres- 
sion of smoke is absolutely essential; it 


is not possible to consider any other so- 


lution than electric traction. The traffic 
to be operated moreover imposes it. 

The elimination of smoke is also the 
primary factor in electrifying: the lines 
of large stations in the midst of towns 
and often also those of the suburban 
lines ending therein. 

This is the reason why the tunnel por- 
tion of the Paris-Orleans Company’s lines 
in Paris between the Austerlitz and Quay 
d’Orsay stations was electrified when 
first opened in 1900 and why steam trac- 
tion could not be considered. 


. c) Mountain lines. 


The elimination of smoke is also the 
principal reason for deciding to electrify 
certain mountain lines where the high 
percentage of sections in tunnel made it 
impossible to work by steam or made it 
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obvious that on a new line it would be 
difficult if not impossible. 

In addition to this reason, the differ- 
ent advantages of electric traction have 
led the railways to electrify their moun- 
tain lines when the traffic seemed to 
justify it. Again electrification makes 
it possible, in spite of gradients and cur- 
ves, to operate the lines satisfactorily. In 
view of the features of the electric loco- 
motive : power, adhesion, etc., gradients 
can be allowed which could not be used 
on steam operated lines; it may be said 
therefore that to some extent the sub- 
structure works may be lessened. 

If from the technical point of view sa- 
tisfactory results may be expected, the 
economical and financial, advantage: to 
be obtained from electrification of this 


II. — Electrifications which are excellent 
propositions, - 


Such electrifications are those of lines 
or sections of line where the whole of: 
the conditions required to assure the 
financial superiority of electric traction 
over steam traction are found together. 


These lines have the whole or some 
of the following characteristics : 

Severe gradients and many of them, 
long and numerous tunnels, heavy trains, 
heavy traffic, excessively high cost of 
fuel, high labour costs, competition of 
other companies or road services, area 
with water power, essential increase in 
the power and speed of the locomotives 
required. 

As may be thought, the number of 
cases of electrification of this kind is 
small. They have been carried out with 
the object of obtaining a commercial pro- 
fit and this profit is very real. 

We will give some examples. 


a) Morocco Railways. 


As early as 1922 the electrification of 


b) North of Spain Railways. 


‘1. Busdongo-Ujo section. 


The principal object sought when elec- 


_trifying the Pajares bank, the first elec-— 


trification carried out by the Company, 


was to relieve the congestion on the As-— 


turias line which connects a mining re- 


gion-of great importance with the centre — 
of Spain. This bank formed a real block. | 


= "i 


. 


kind are still subject to controversy. this system was considered. It had un- . = 
In the case of a new line obviously it deniable advantages for various reasons : 

is not necessary to take into account Absence of any coal (the price of coal 

steam rolling stock that would have to is 30 % higher than in the home coun-. 

be used elsewhere, written off, or sold; try), high cost of European labour, diffi- 

but it may be argued that it would have Culties found in obtaining water for the ~ 

been possible to use improved and more Steam locomotives, long and continuous 

powerful steam locomotives which would gradients, high tonnage of cereals, phos- i 

be capable of operating the railway un- — phate and ores. 7 

der satisfactory conditions, and it may The electrification of the railway was - 

be said that the traffic does not justify the more desirable as it made it possible 

the electrification where it has not subse- to hasten development of the abundent 

quently developed to the extent expected. water power of Morocco; it also made it £ 
As a general rule, however, the elec- possible to use a high tension distribu-. 

trification of important lines such as [on system already in existence. 

those crossing the Alps, or the Pyrenees, At the present time more than 311 km. 4 

like the Ax-les-Thermes to” Latour-de-. (19% miles)’ of lines are electrified; the i 

Carol and the Bedous to Canfrane sec- results obtained are extremely good. At as 

tions with many long gradients, long and the present time the completion of a new : 

frequent tunnels, it would seem ought to section of 190 km. (118 miles) is in hand. j 

be taken in hand. 4 
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Before the electrification it was impos- 
sible to haul 14 trains daily with two 
banking engines i.e. 4250 gross tons. 
Today it is easily possible to work with 
one locomotive 20 trains up the gradient, 
each having the tonnage of those which 
required two engines when working with 
steam traction. 

By using double heading with the elec- 
tric locomotives, it is possible therefore 
to triple the original hauling capacity 
over the gradient. The block on the 
transport of coal from the Asturias to the 
interior formed by the Busdongo-Ujo sec- 
tion has been overcome in this way. 

Since this section was equipped, in 
1925, no irregularity or congestion has 
arisen in the service which is worked 
with perfect regularity. 

‘We would like to point out that during’ 
the year 1930, through electric traction, 
only 219 minutes were lost on the gra- 
dient in question, whereas it improved 
the regularity of working by regaining 
112 966 minutes of delays due to the traf- 
fic, permanent way, etc., departments. 


The speed of the goods and passenger 
trains has been doubled; an hour has 
been saved on the time required to work 
over the bank. > 


As secondary advantages, we may 
again quote the abolition of smoke, 
which caused the service to be particu- 
larly trying in the tunnels, the length of 
which amounts to 60 % of the total 
length of the journey. 


2. BarcelonasManresa and Barcelona-St. 
Juan Abadesas Section. ; 

The principal object of electrification 
in these districts was to improve the 
outer suburban service so as to recover 
the traffic lost in the Barcelona-Manresa 
section. : 

By 1920, the competition of the Cata- 
lonia electric railways was felt particu- 
larly severely on the Barcelona to Tar- 
rasa (1922), Monistrol to ‘Montserrat 
(1923) and San-Vicente to Manresa 
(1924) sections. - 


This competition increased through 
road transport to such an extent that in 
1927 the amount lost on the Barcelona- 
Manresa section was more than a million 
and a half pesetas as compared with the 
receipts of the year 1919 when this com- 
petition did not exist. 

The improvements resulting from elec- 
tric traction affected especially the fre- 
quency and speed of the trains. It was 
found that there was a considerable in- 
crease in the receipts from the passenger 
traffic in the electrified sections. 

For example, the time taken for the 
Barcelona-Sabadell, Tarrasa-Manresa and 
Barcelona-Vich sections, the principal 
centres served are respectively 29, 38, 72 
and 94 minutes, with for these last men- 
tioned a gain of 46 minutes as regards 


‘the time required when steam traction 


was used. 

The speed for the goods services has 
also been increased; it has been doubled 
on certain sections. 

On the Barcelona-San Juan line, simi- 
lar improvements have been introduced 
in the service; a 20 % increase in the 
receipts was obtained in 1930 as com- 
pared with 1928. 

In all the Catalonia regions the regu- 
larity of the service has been remarkable. 
Thus in 1930 only 627 minutes were lost 
by the locomotives on the Barcelona- 
Manresa section and 1034 minutes on 
the San-Juan line, whereas the electric 
traction made it possible to recover 
111 355 minutes as well as 316 769 mi- 
nutes of the delays due to other causes. 


-3. Alsasua-Irun section, 


The electrification of this section was 
pushed forward for two reasons: first 
of all the increase of the load. of the 
trains and the improvement of the na- 
tional and international train time tables, 
and finally the desire to regain and de- 
velop the important suburban passenger 
traffic which from San-Sebastian to the 


‘French frontier and vice-versa as far as 
- Zumarraga, was being lost each day by 
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the North of Spain Company to the many 
small road transport undertakings. 

Through electrification the time be- 
tween Irun and Alsasua for the express 
trains of 400 tons (100 tons more than by 
single-engine steam traffic) 30 minutes 
was gained. In addition with the fre- 
quent motor trains working the Hendaye 
to San-Sebastian and San-Sebastian-Bea- 
sain sections, the time has been reduced 
both outward and return to 21 minutes 
and 68 minutes, that is a respective gain 
of 10 and 40 minutes on the old time- 
tables. 


As on the other sections the regularity 
of working has been remarkable. 


c) Algerian State Railways. 


The electrification of the Duvivier to 
Oued-Keéberit section was necessary for 
the following reasons : 


The existing track and rolling stock 
were insufficient to carry the expected 
mineral traffic, which includes for ex- 
ample the carrying to Bone of 4500 000 
tons per annum ‘of iron ore and phos- 
phates. 

Heavy trains hauled by steam would 
have had to be divided when running 
over the difficult sections. This would 
have caused many inconveniences: it 
would have meant a large number of 
train movements over the difficult sec- 
tions and consequently a too long period 
of occupation of these sections. 


Moreover the number of train-kilo- 
metres would have been very great in 
respect to the useful train-kilometres; fi- 
nally this dividing up would have in- 
volved a complicated series of shunts. 

Moreover tests made hauling part 
trains with three engines showed that it 
was impossible to work through two tun- 
nels 643 and 550 m. (2 110 and 1 800 feet) 
long near Souk-Ahras on a gradient of 
1 in 40 and with curves and reverse 
curves of 250 m. (12 1/2 chains) radius, 


without serious danger to the men. It 


- 


was moreover impossible to divide up 
the trains further. 

These were the reasons why electric 
traction was adopted on this section of 
the Algerian State Railways. 


Ill. — Electrification of the main line 
Companies. 


The examples we have given show 
how delicate it sometimes is to judge the 
advisability of electrifying railways out- 
side certain well defined cases; it will 
be realised that many private companies 
although aware of the advantages that 
they would gain from electrifying part 
or all their system hesitate owing to the 
large capital expenditure involved, espe- 


cially when the drawbacks of steam trac-_ 


tion are not such as to render electrifi- 
cation urgently necessary and when the 
financial results to be obtained from the 
change over appear to be rather proble- 
matical. 

The electrifications about which we 
would speak are those of the main line 
companies, which could be operated for 
some time to come by steam traction 
without inconvenience. 

Many of the electrifications of this 
kind have been undertaken either by the 
State Railways or at the instigation of 
the State. They have been given the 


~name of national in the sense that the 


State may encourage them for reasons of 
public economy, to reduce or suppress 
the importation of fuel, develop the wa- 
ter ressources of the country, employ 
labour, create or facilitate the develop- 
ment of the home industry, whilst im- 
proving the efficiency of the railways. 

In France, the changes subsequent to 
the war called attention to the desirabi- 
lity of using the available water power. 
A second problem arose, that of selecting 
or rather of standardising the method of 
traction. 


- A Commission nominated for this pur- 


_ pose by the Government drew up, after — 


careful enquiry, a report in 
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the direct current system at 1500 volts 
and this system was made obligatory by 
a Ministerial decree of the 29 August 
1920, it being understood moreover that 
the tension could be increased to 3 000 
volis in certain particular cases. ' 

At the same time, at the invitation of 
the Government, three of the main line 
railways, the Midi, Paris-Lyons-Mediter- 
ranean (P. L. M.) and Paris-Orleans pre- 
pared a programme of electrification. af- 
fecting more than 8000 km. (5000 
miles). 

It will be appreciated how delicate a 
matter it is to select a system of electri- 
fication either for a railway system or 
for a group of systems especially when 
several electrifications of parts of sys- 
tems had already been carried out with 


’ different systems or types of current. 


Thus, the Midi Railway commenced 
before the war to carry out a programme 
of electrification using single -phase 
current and found itself, as a result of 
the decision which we have mentioned, 
obliged to do the work almost entirely 
over again, in order to equip its lines for 
direct current working. 

As would be expected the French Com- 
panies commenced to carry out their 
programme of electrification by first of 
all equipping those of their lines which 
appeared likely to show some financial 
saving and which appeared likely to 
give results of this kind, if not imme- 
diate and certain, at least probable in 
the future. 

For these reasons the Midi Company 
fitted up certain of its lines with heavy 
traffic, such as the lines from Bordeaux 
to Irun, Toulouse to Dax and branches, 
etc. 

This Company had had in rminil for a 
long time the electrification of its system 
owing to the considerable water res- 


‘sources that it could use in the Pyrenees. 


Their extent made it possible to think 
that the power stations would be’ able 
to supply, in addition to the power’ re- 
quired to work the trains, a large excess 


of current. These hopes have been real- 
ised. We will examine further on the 
results obtained. 


The electrification of the Paris-Orleans 
Railway was originally considered (1917- 
1919) as the only possible solution of the 
problem of the supply of fuel which at 
that time was particularly difficult for 
the whole of the railways owing to the 
state of war. Actuaily the decision to 
carry out the first section of the electri- 
fication programme which had been pre- 
pared at that period was taken almost 
exclusively with the two following ob- 
jects in view : 

1. Reduction of the import of coal, the 
cost of which had become excessive; 


2. The use of the water power of the 
« Massif Central », then unexploited. 


For these reasons the first section of 
the work dealt with the Paris-Brive line, 
one of the most heavily loaded of the 
system, and at the same time that which 
geographically was the best placed for 
being supplied in power from water 
stations from the « Massif Central ». In 
this way the transmission of high ten-- 
sion supply for feeding the traction sub- 
Stations could at the same time be used to 
connect the producing area-of the Massif 
Central to the very important consuming 
centre of the Paris area, 

No doubt many other advantages were 
also used as arguments in favour of elec- 
trification. 

The continual increase in wages dur- 
ing the after-war period and the diffi- 
culties in the way of recruiting staff for 
handling the locomotives as well as the 
staff in the depots impelled the company 
to endeavour to effect a saving in labour 
which only electrification made possible. 

As we have already pointed out the 
increase of the passenger traffic in the 
Paris suburbs would have made it ne- 
cessary; with steam traction, to purchase 
many locomotives as well as to do con- 
siderable work in the way of providing 
lines and increasing the size of the sta- 
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tions, which electrification by the in- 
crease in speed and the weight of the 
trains rendered unnecessary. 

The P. L. M. Company having decided 
to electrify as an experiment one of the 
important lines of its system selected the 
Chambéry to Modane line because it 
should be possible to carry out such ex- 
periments under very varied conditions 
owing to its easy section at the start and 
subsequently to the long gradients con- 
tinually increasing in steepness: up to 
1 in 33 over the last 15 km. (9.3 miles). 
As the international express trains run 
over this line it lent itself to traction 
tests at high speed over the easy section. 
On the other hand the last section made 
it possible to study electric traction on 
niountain lines with regeneration on the 
down trip. In addition an abundance of 
energy from hydro-electric stations was 
at hand. Finally owing to the import- 
ance of the through Franco-Italian traf- 
fic and the heavy costs of traction over 
the upper part of the line owing to the 
gradients and the bad quality of the wa- 
ter, electrification should provide valu- 
able savings. Experience has entirely 
justified these previsions. 

* 
* * 

Apart from France we will mention 
two important systems, the Swedish State 
Railways which have more than 900 km. 
(560 miles) of electrified lines and the 
Italian State Railways. 

The Italian Railways considered tie 
question of electrification as early as 
1897 and the installation of the Valtelina 
line, opened in 1901, enabled them to 
investigate from the practical point of 
view the different questions raised by 
the 3-phase system and to appreciate the 
advantages which electric traction could 
procure in Italy, a country rich in water 
falls and where the operation of certain 
_ lines, owing to the gradients and tunnels, 
Neaarg is very difficult. 

re The electrification of the ines in the 

neighbourhood of Genoa and particular- 
i ; 
' - . ‘ 7 


~ sS 


the consumption of the steam locomoti- 
ves; it represents a value of 90 000 000 


fied lines), can give particularly con- — 


ly that of Giovi, with heavy gradients 
and heavy traffic, gave remarkable re- 
sults. The speed and the weight of the 
trains were doubled and their number 
increased, and from this fact the capa- 
city of the line was practically increased 
tenfold. The total operating costs were 
reduced by 22.5 % in comparison with 
the costs of steam traction. 

This increase in output made it pos-. —, 
sible in the case of certain lines (Cenisio, 
Porrettana, etc.) to put off for a long 
time the doubling of the track and even 
the construction of a new line (Genoa- 
Milan). 

The war showed the difficulties that 
can arise, in a country such as Italy, 
through the almost complete absence of 
coal mines. ~ 

Consequently, by 1919 the problem was— 
examined from a more general point of 
view and the advantages that electrifi- 
cation might have, not in some few cases 
and on special points, but on a much 
wider scale, were investigated. The ex- 
tremely high prices of coal (nearly 12 
times that of pre-war) and especially the 
considerable difficulties found in ob- 
taining it called attention to the advisa- 
bility of using for traction- purpose in 
the greatest possible measure the avail- 
able water power. 

At the present time, more than 1 800 
km. (1 120 miles) are electrified and the 
quantity of coal, that has been saved by 
electric traction amounts to about .650 000 
tons a year, that is nearly a quarter of 


lire. 
The part of the system electrified with | 

three-phase current (16 2/3 periods), by. 
its extent, and the traffic which it car- 
ries (80 % of the traffic of the electri- 


vincing operating results. This zone in-- 
cludes most of the crossings of the Alps 7 3a 
and Appennines and has gradients of lin _ 
62 to 1 in 38 with a maximum of 1 in 28. 
Its very special Poachers are such 
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that it is diiffcult to find on the steam 
worked system any lines allowing a 
rigorous .technical and financial com- 
parison to be made. Furthermore, any 
comparison of the financial results of 
working certain sections before and after 
the introduction of electric traction has 
shown itself to be difficult and uncer- 
tain. 

The comparison of the same elements 
for the wider areas is also altered by the 
considerable variations in the prices of 
the materials, of labour and of the traffic 
conditions since the end of the war up 
to the present time. 

The Italian Railways consider how- 
ever that owing to better use being made 
of its existing installations the advan- 


_tages amplify themselves as the electri- 


fied system is extended. These advan- 
tages remain even if the electrified sys- 
tem were to absorb the sections of sec- 
ondary lines the electric operation of 


which would ‘be of little value if they’ 


were situated in other areas. 

The advantage of. electric traction 
shows itself particularly favourable when 
the traffic increases. 

The most recent and most typical 


example lis given by the Florence to Bo-~ 


logna (Porrettana) line, where electrifi- 
cation has made it possible to increase 
by more than 5 % the capacity of the 
line which was saturated when operated 
by steam. 

Outside certain well recognised techni- 
cal advantages the Italian Railways con- 
sider that the operating costs, including 
the capital charges on the electrified sys- 
tem, reduced to the virtual ton-kilometre 


hauled, do not sensibly differ from simi- 


y 


lar costs on the system worked by steam. 
The available figures are not however 
either uniform or comparable owing to 
the very dissimilar characteristics. The 


electrified system using three-phase low- 


frequency current includes important 


mountain lines with heavy gradients 
over which it is quite certain that steam 


operation would be under most unfa- 


wie 


Reba 


vourable conditions, whereas electric 
traction in such cases finds the condi- 
tions of use, wherein its superiority, 
even from the financial point of view, 
is revealed. 

If it were possible to establish a com- 
parison between the costs of electric 
traction and those of steam traction on 
the same lines and under identical con- 
ditions, the results would very certainly 
be favourable to electric traction owing 
to the high percentage of mountain lines 
included in the Italian railway system 
as a whole. 

This railway system considers that in 
view of the present price of coal and the 
cost of the fixed installations, the econo- 
mies alone that electric operation pro- 
cures are sufficient to encourage its wi- 
der application. On the other hand, in 
the case of lines on which there are no 
heavy gradients, it considers that the 
balance is most uncertain, unless it be 
founded upon theories of intensity of the 
traffic which do not appear to be justi- 
fied either by the present state of trans- 
ports nor by the competition of various 
other methods of transport. 


The reasons in favour of a vast exten- 


sion of the electrification of important 
lines cannot in consequence be founded 
upon a financial comparison between the 
operating costs alone but much rather 
on a consideration of the indirect ad- 
vantages which vary from one country to 
another. 

The electrification of the railways is 
in the case of Italy a vital problem be- 
cause it guarantees the independence of 
a service of particular importance for 
the defence and the economic life of 
the country. . 

In addition it contributes to the devel- 
opment of all available sources of water 
power and facilitates the interconnexion 
of the main power transmission systems. 

Finally the Italian Railways do. not 
consider that the market price of coal 
is invariable and think that at the time 


of preparing a balance-sheet for an elec- 
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trification the possibilities of a political 
and economic nature, both local and 
international, may completely upset the 
bases of this balance-sheet and result in 
economies which in a relatively short 
period can make it possible to wipe out 
the capital cost of the installation. 

The electrification of the railways 
tends therefore to create a potential rich- 
ness, the contrary to what occurs with 
steam traction. 

A series of lines or even of systems as 
important as those we have examined ob- 
viously includes lines of very different 
kinds, but whether it is a question of 
lines the electrification of which appears 
at first view as a successful operation 
from the technical point of view and pro- 
fitable from the economic . point of 
view, or of lines the equipment of which 
does not seem to be so evident in value, 
it is desirable to prepare a very careful 
balance-sheet of the proposed conversion. 

This balance-sheet brings out the an- 
nual expenditure that is required by the 
two methods of traction. Let us briefly 
show the principal headings which may 
be introduced in it. 


I. — Traction energy. — On the one 
hand the consumption of coal; on 
the other the number of kilowatt- 


hours. 

_I. — Lubrication of the locomotives. 

Il. — Upkeep of the locomotors. 

IV. — Locomotive staff. 

V. — Water supply. 

VI. — Staff and various expenditure 
at the depot. 

Vil. — Supervision and maintenance of 


the fixed electric installations. 


VII. — Annual capital charges of the 
new installations, 


IX. — Annual charges of the wane: 
tive-capital., 


In examining chapters VII and VIII, as 


regards electric traction it is desirable to 


take into account the work in connexion 
with the rail bonding, the modifications 
of the stations and structures,.and dis- 
placements of the telephone and _tele- 
graph lines. It is also necessary to take 
into account the installation on the car- 
riages and brake vans of electric heating. 

Finally under chapter IX it is neces- 
sary to consider on the one hand the 


effective capital cost of the steam loco-, 


motives used on the line, and on the 
other hand the capital charges for pur- 
chasing the electric locomotives and the 
capital charges for steam locomotives no 
longer of use through the electrifica- 
tion. 

In a balance-sheet which we recently 
prepared for the preliminary project for 
the electrification of a line, the capital 
charges (VIH and IX) represent about 
55 % of the total annual charges. 

This at once shows how important a 
role these charges play and, for the same 


reason, that of the rate of interest on any 


\ 


loan a railway systeny may be obliged to 
contract. 

For example, let us consider the re- 
sults obtained by the French Midi Rail- 
way Company : : 

In 1930 the  train-kilometre cost 
10.85 fr. (17.46 fr. per train-mile) with 
steam traction as compared with 6.655 
(10.71 per train-mile) with electric trac- 
tion. 


These costs include all the general . 
charges of the rolling stock and locomo- 


tive running department, the main- 


tenance of the carriages and wagons dis- 
tributed uniformly over the two methods | 


of traction, but do not include the costs 
of operating and of track maintenance. 

As regards steam traction they in- 
clude the whole of the expenditure due 


to this method of traction, staff, fuel, 
’ water, maintenance and repairs of the 


locomotors. 


In the case of electric traction they 
take into account the whole of the oper- ~ 


ating costs, repairs and maintenance, 


staff of the works, high and medium ten- 


~<, 


ee Py, a 


Ar RRC aD eMC DO 


Pet ae 


1729 


V—1535 


sion lines, overhead lines, transformer 
stations, substations, locomotives, - etc., 
but do not include charges on the capital 
invested. 

The rate of interest on the loans, inte- 
rest and amortisation on the money fe- 
quired for the electrification has varied 
widely during the period in which the 
work was carried out; it rose from 5.25% 
in 1913, to 6.88 % in 1919, and reached 
14.6 % in 1926. 

A rate of this kind made impossible 
all continuation of the work which had 
been considerably slowed down and even 
held up at that period. The same ob- 
servation can moreover be made as re- 
gards the Paris-Orleans Company. 

In 1927 the rate of interest and amor- 
tisation fell again to 10.86 %; subse- 


quently it has continued to fall and be- 


came 7.93 % in 1928, then 7.2,.% in 1929 
and 6.25 % in 1930. This reduction 
made it possible for the company to 
again take in hand its electrification 
work. 

We see then that if investigation into 
the characteristics of a line or group of 
lines and the comparison with the re- 
sults obtained on other similar sections 
make it possible to judge of the advisa- 
bility of electrification, there is an es- 
sential factor to be considered in the 
preliminary enquires, and that is the 
rate of interest to be paid for the money. 


( 
‘ 


D. — Conclusion. 


During this brief review of the finan- 
‘cial side of the electrification of rail- 
ways we have endeavoured to show by 
several examples that electrification be- 


‘comes the more essential as the traffic. 


increases, coal and labour become dear- 
er, and the electric energy cheaper. 

As a matter of fact there is no formula 
by which it is possible to say in each 
case whether it is desirable or not to 
electrify; it is necessary to select a line 
or a system which has been electrified, 
which has the greatest similarity with 


“ces, 


the line considered and then to carefully 
scrutinise the results of working it and 
therefrom to prepare a balance-sheet. 

We have seen the importance of the 
rate of interest; this ‘is to say that the 
financial situation-and the state of the 
money market play a capital role in the 
development of electrification. 

It may even be asked if a general se- 
vere and lasting financal crisis is not 
capable through the modification it 
makes in certain factors of introducing 
elements favouring the carrying out of 
important works such as the electrifica- 
tion of the railways. 

In fact financial crises are character- 
ised by unemployment, the superabun- 
dance of manufactued goods, the low 
price of raw materials and the fall of 
the shares of yarying returns. 

This would be, it would appear, the 
moment to use unemployed labour, to 
purchase raw and partly manufactured 
materials and to offer to a public tired 
of shares with high and uncertain re- 
turns a loan with an undoubtedly lower 
rate of interest but better guaranteed. 


QUESTION I. 


Résumé to serve as a basis 
for the discussions at the Congress. 


A. — Preamble. 


B. — General considerations on electri- 
fication. 


a) Two solutions: steam power sta- 
tions, water power stations, the limited 
possibilities of the steam locomotive; 

The various factors which come into 
play when considering the advisability 
of electrification : 

Weight of coal burnt equivalent to a 
kilowatt-hour; 

-Number of steam locomotives replaced 
by an electric locomotive; 

Necessity of having power at low pri- 


7 


b) Satisfactory results to be expected 
from electrification outside the economic 
one, traffic, labour, ete. 

c) Importance of 
work well; 


carrying out the 


Future technical 


rectifiers. 


Irogress,. Mercur y 
pros 


C. — The different types of 
electrification. 


I. — Electrifications that are required. 


Difficulties to overcome. — Possible 
financial advantages. 

a) Suburbs and large terminal sta- 
tions. — French State System. — Nord- 
Milano System. 


b) Elimination of smoke. Metropo- 
litan railways, central stations, tunnels. 


c) Mountain lines. — Trans-Pyrenean 
lines. 


Il. — Electrifications which are 
excellent propositions. 


Lines where all the conditions requir- 
ed to get good financial results are 
found, 


a) Morocco Railways. 
phosphate traffic. 

b) North of Spain Railways. — Min- 
eral traffic. ; 

c) Algerian lines of the State Rail- 
ways. — Mineral and phosphate traffic. 


—— Ore and 


Il. — Electrification of large railways. 


. Amount of capital involved. — Certain 
systems can be operated for a long time 
to come with steam. Economies to be 
realised. 

Electrifications known as « National ». 

Importance of the problem of the stan- 
dardisation of the systems of electrifica- - 
tion and of the type of current in a 
country. _ 

Examples : French Midi. 
leans. Paris - Lyons - Mediterranean. 
Swedish State. Italian State. 


/ 


Paris-Or-_ 


Investigation into the lines there is a 
financial interest in electrifying. 

Preparation of the balance-sheet. 

Importance of the rate of interest on 
the capital. 


D. — Conclusions. - 


Outside the characteristics of the lines 
to be investigated the importance of the 
role played by the financial situation 
and the state of the money market. 


QUESTION II. 


Location of generating stations. - 


When a railway considers the electri- 
fication of a line or a group of lines, 
several solutions may be considered for 
the supply of the current required; the 
railway system can produce the current 
itself in stations which it will have to 
build, or it may purchase it from a sup- 
ply company, or it may finally do both. 


I, — Power stations belonging 
to the railway. 


The railway system builds either steam 
stations, or water power stations. In the 
two cases the, capital that has to be 
devoted to this purpose increases very 
considerably the annual interest charges. 

On the other hand the produetion of 
power and its transmission are under 
the direct control of the railway; it can 


therefore so arrange that these two oper- 


ations take place under the most fa- 


vourable financial conditions possible. . 


Whether it is a question of energy from 


_a steam plant or from a hydro-electric | 


plant, while not neglecting to provide 
for the requirements of the future, it 


can also take care not to limit itself to” 
building power stations strictly limited 


to its needs, It can consider the produc- 


tion of energy above its requirements, 


and its transport and sale. 


The high tension lines that the railway 2 
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is obliged to build for the transmission 
up to the principal feed points of the 
current required for traction purposes 
are in this way used to their maximum; 
it can even be said that this extra trans- 
mission required will not generally in- 
volve a marked increase in the costs of 
constructing the power lines. Should 
such increase be necessary, however, it 
could still be arranged under the same 
title as the increase of the power of the 
station if the outlets justify it. The in- 
terest a public service of such vital im- 
portance as the railway has in assuring 
in the largest possible measure the regu- 


larity of running of its trains can be: 


appreciated; consequently the question 
of reserves has been given special atten- 
tion by the railways. 


Two points of view have moreover to. 


be considered : 


Reserve supply in the case of failure, 
or shut down; reserve to make good any 
momentary shortage of power at the gen- 
erating stations. In the first case it may 
be necessary to build steam standby sta- 


tions. 


The large power capacity they must 


have and the large amounts of capital 
that must be locked up will be appre- 


ciated. i 
Another solution consits in providing 


for these power stations to be used to 


supply the peak loads and to design them 
in consequence. 


Although most of the reports received 


have only given on these different points 
none too definite replies, it does not 


seem that these different solutions have 
been adopted in many instances. In the 
case of breakdowns or accidents in their 
power stations, the railway systems have, 


in general, fallen back on neighbouring 


distributors of energy, to which they 
have arranged to be connected and with 


which they have entered into suitable 


contracts. - 
Although the spare supply of energy 


“may be charged usually at a high rate 


because it may be required at any mo- 
ment by the railway system, this re- 
mains at the present time the most usual 
method and that best justified, 


In the second case, the railway system 
has at its disposal supplies of energy 
which, while enabling it to operate sa- 
tisfactorily in normal times, can at cer- 
tain times become insufficient. 


Such is the case of a railway system 
drawing its energy from water power 
stations and which needs additional sup- 
plies at certain periods of the year. In 
the absence of engineering works judi- 
ciously and largely conceived or of pum- 
ping stations to recover water from cer- 
tain tributaires with surplus -supplies of 
water at the times needed, the railway 
system finds itself obliged to be con- 
nected with the neighbouring power dis- 
tribution systems. 

The production of energy can then be 
regulated by the linking up of power sta- 
tions having different characteristics, 
whether it is a question of water sta- 
tions under varying hydrographical con- 
ditions (snowfalls, rain, etc.) and using 
watersheds in which the periods of low 
level do not coincide, or with steam sta- 
tions that can be utilised to give the ad- 
ditional power during such periods. 

The regulation of the consumption 
can deal not only with the daily varia- 
tions, but with the annual variations of 
consumption owing to the needs of areas 
under different traffic conditions: in- 
dustrial districts, agricultural areas, etc. 


Finally, when the nature of the current 
and its periodicity allow it, it is possible 
to operate the system in parallel with 
the neigbouring distributing systems and 
to feed into these systems any temporary 
excess of current from the railway sys- 
tem. 

The satisfactory results that this link- 
ing up of the power stations and inter- 


connexion of the transmission systems - 
will have will be appreciated immedia- 


tely. 
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The Paris-Orleans and the French Midi 
Companies have made use of these me- 
thods when arranging for their supplies 
of energy. 

The energy used by the French Midi 
Company is entirely produced by water 
power in stations belonging to the com- 
pany, all of which are situated in the 
Pyrenees. 

In addition to two small isolated sta- 
tions in the eastern Pyrenees the Midi 
Company operates at the present time 5 
large hydro-electric stations of a total 
installed power of 130000 kw. the sta- 
tions having very large regulating re- 
servoirs and producing annually about 
340 000 000. kw.-h. of which 160 000 000 
are used by the railway. 

This energy is transmitted to the using 
points by a system of transmission lines 
including : 

1. A main feeder of 150 000 volts run- 
ning the whole length of the central Py- 
renees and extended in double line to 
Bordeaux; and in single line as far as 
St. Victor near Millau. , 

2. A system of 60000-volt lines run- 
ning alongside most of the electrified 
railways and supplying the traction sub- 
stations. 


These two systems are connected to- 
gether at 6 large transforming stations 
of 150 000/60 000 volts. 

Provision was made from the begin- 
ning for the whole of the installations 
to be used, in addition to the railway’s 
own requirements, for transporting 
energy for other producers or users. 

The whole of the important hydro- 
electric stations in the central and west- 
ern Pyrenees are today linked up with 
the transmission lines of the Midi Com- 
pany, these lines being used. to feed the 
consuming centres where are ‘their cus- 
tomers. 


In order that the whole 62 this arran- 


gement should work properly and_at the 
same time resolve the delicate problems, 
both technical and commercial, which 


arise, an organisation has been set up 
which regulates and distributes the 
power produced; this organisation 1s 
known as the « Union des Producteurs 
d’Electricité des Pyrénées Occidentales » 
and acts at the same time as a selling 
agency. 

This union includes all the large 
energy producing undertakings using the 
transmission lines of the Midi Company, 
whether in the Pyrenees or in the « Mas- 
sif Central ». 

The number of members is 11, oper- 
ating 28 generating stations, the total in- 
stalled power of which amounts to 
380000 kva. producing annually more 
than one billion kw.-h. 

In addition agreements concluded 
with certain steam power stations also 


_ linked up with the transmission lines of 
the Midi Company enable it to rely on 


reserve supplies of power or to regulate 
the supply. 

Finally these lines have to be extended 
in the near future in agreement with the 
« Union des Producteurs » towards the 
Mareéges station on the one hand and 
towards the Rhone valley on the other, 
so as to link up the transmission system 
of the Midi with that of the Paris-Or- 
leans and with the power stations in the 
Alps, in this way providing a complete 
linking up between the three main 
French regions producing hydro-electric 
power. = 


II. — Stations not belonging 
to the railway. 


Certain companies have not built gen- 
erating stations and have arranged for 
their system to be fed from distributing 
centres. ze 

‘A number of railways have been led 


to adopt this solution~because of the- 


facilities that it gives in many cases : 
trials of electric traction on a small 
scale requiring little power, proximity 


of existing power stations or transform- — 


ing stations not requiring more than 
| 


short feeder lines or even making it un- 


{ 
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necessary to build such lines, and finally 
cheap power when the section to be 
electrified is situated in a region where 
ihe water power resources are good. 

Undoubtedly this is the method for 
considerably lightening, at the moment 
of electrifying a line, the expenditure 
involved. But if the concentration in 
very large power stations of the produc- 
tion of power for all purposes including 
traction facilitates proper utilisation of 
the power, the fact still remains that the 
railway, a public service the importance 
of which we have already underlined, 
in this case depends upon private under- 
takings over which it has no control. 

It is desirable therefore in this case to 
obtain very special guarantees as to the 
regularify of supply when making the 


_ contracts. 


In spite of the difficulties which may 
be expected from this method of obtain- 
ing power, many railways have used it. 

Such are: the French State, P. L. M., 


Morocco, North of Spain, Netherlands, 


and Dutch East Indies Railways, 


III. — Combined system. 


in this group we may mention the 


Paris-Orleans Company. 

This company has built up its electri- 
fication on the combined use of hydro- 
electric power produced in its own gen- 
erating stations or with its financial 
help in the « Massif Central », and power 
produced in the steam power stations in 
the Paris area, of the « Union d’Electri- 
cilé ». 

The first group of power stations in- 
clude at the present time the Eguzon 
station on the river Creuze (50 000 kw.) 
built by the « Union Hydro-Electrique », 
a company in which the Paris-Orleans 
Railway is interested, and that of 
Coindre on the river Rhue (24 000 kw.) 
built by the Paris-Orleans Company it- 
self. Two other stations are under con- 
struction at Mareges and La Cellette. 

The second group of stations are the 


a 


IX—3. 


Gennevilliers and Vitry power stations, 
with a total power of about 400 000 kw.; 
these power stations are linked together 
by the feeder lines of the Paris-Orleans 
Company, which consist of a double 
90 000-volt line from Eguzon to Paris 
which supplies the traction substations 
between Vierzon and Paris, and a single 
150 000-volt line connecting Maréges 
(near the Coindre station) to that of 
Chaingy near Orleans. This latter line 
is being extended to Paris and its volt- 
age will be increased to 220000. These 
two systems of transmission lines are 
connected at the transformer stations of 
Eguzon, Chaingy, and Chevilly near 
Paris. 

These lines are not intended to meet 
the needs of the railway alone. They 
have to be connected to a certain num- 
ber of local distribution sections en 
route. Moreover, the large Maréges sta- 
tion from which the 220 000-volt line 
starts should be connected to other pow- 
er stations of the « Massif Central », 
especially those of the Haute-Dordogne, 
La Cére and La Truyére. 


We may add that this 220 000-volt line 
will be doubled by a similar line. These 
conjugated lines will form a powerful 
feeder with a capacity of about 
200000 kw. and make it possible with 
the maximum of safety to get intercon- 
nexion between the steam stations and 
consuming centre of the Paris area on 
the one hand, and the power stations of 
the « Massif Central » on the other. 

The Italian State Railways have also 
used the combined system for feeding 
their traction system. 

We will deal especially with the rail- 
way system equipped with three-phase 
current at 3700 volts, 16 2/3 cycles, 
which is the most important. 


This system is fed by: 


1. The water power stations at 16 
cycles, in the Alps and the Apennines; 

2. Substations near the railway and 
converting the industrial frequency re- 
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ceived from far distant stations into 16- 
cycle current; 

3. By 3 steam stations which act as 
standby and also supply energy required 
for seasonal traffic, and especially dur- 
ing the winter. 


Out of 13 power generating plants or 
stations at which the frequency is 
changed, there are two hydro-electric 
stations properly speaking and 2 stations 
belonging to the State Railways. 

Out of the 3 steam stations (located at 
Genoa, Savona and Livorno), of a total 
installed power of 30000 kw. one, that 
of Chiapella (Genoa) belongs to the State 
Railways. 

All the other power stations belong to 
different private companies. 

66 % of the energy consumed by elec- 
tric traction is bought from these com- 
panies, part at 16 2/3 cycles, and part 
at industrial frequency. 


The system electrified -with three 
phase current at 3 700 volts, 16 2/3 cycles 
(power installed: 185 000 kw.) consumes 
80 % of the total power used for hauling 
the trains. This energy, is almost en- 
tirely produced in water power stations 
(97 %); the rest is generated in steam 
stations. 


Thanks to the primary interconnect- 
ing lines, the regulation is obtained 
either by ‘steam power stations, or by 
the water power stations in the Apen- 
nines, or by stations converting the in- 
dustrial frequeney current stored up in 
the Alpine reservoirs of the private com- 
panies. 

At the present time, the daily summer 
production of three-phase current, 16 2/3 
cycles, of the power stations in the Alps 
represents 70 % of the energy consumed 
for electric traction; in winter it only 
reaches 30 % of this same energy. 

In fact, thanks to the linking up of the 
water power stations and steam power 
stations with the stations converting the 
frequency, not only is the regularity of 


\ 


working assured under good conditions 
but the power available is almost com- 
pletely used. 


IV. — Conclusion. 


From the rapid examination that we 
have just made it would seem that there 
is a tendency to interconnect the supply 
systems .between one another, in order 
to assure to the fullest possible extent 
the regularity and the continuity of the 
supply of power. 

As regards the solutions adopted, it 
can be seen how varied they are; they 
appear, in fact, to have been imposed 
very often by circumstances rather than 
by principles. 


QUESTION 2. 


Résumé on which to base the discussions 
at the Congress. 


Three solutions offer themselves for 
feeding a traction system: 


I. — Power stations belonging to the 
railway. 
II. —- Power stations not belonging to 


the railway. 
IiI. — Combined system, 


I. — Power stations belonging 
to the railway. 


Advantages for the railway in possess- 
ing its own power stations, and in sell- 
ing the excess energy. 


The reserve supplies : 


1. Shut downs and breakdowns; © 
2. Shortage of power. 


1, Steam standby stations. — Power 
available. — Obtaining assistance from > 
nearby supply systems. ; 

2. Connection with the supply sys- 
tems. — Value of this as regards regula- 
tion of power supplies. 

Example of the French Midi Company. 

High tension system. Interconnexion. 
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Il. -— Power stations not belonging 3 000 volts for the electrification of lines 


lo the railway. 


Reduction in 
when electrifying. 
Against this : dependence of the rail- 
way on the supplying companies. 
Examples. 


capital expenditure 


Il. — Combined solution. 


Example of the Paris-Orleans Railway. 
Interconnexions. 


Italian State Railways. 


IV. — Conclusion, 


Tendency towards general linking up. 
— The solutions seem to be more fre- 
quently imposed by circumstances than 
by principles. 


QUESTION 3. 
Choice of the type of current. 


A. General review. 


Most of the railways to which our 
report relates use for traction purposes 
direct current at different voltages : 650 
volts on the French State, 1500 volts on 
the Midi, Paris-Orleans and Paris-Lyons- 
Mediterranean, North of Spain (except 
the Pajares line), Netherlands Railways 
and Dutch East Indies Railways, 3 000 
volts on the Algerian State Railways, the 
Morocco Railways, the Pajares Line 
(North of Spain) and the Nord-Milano. 

On the other hand the Swedish and 
the Norwegian State Railways use single- 
phase current at low frequency (15 or 
16 2/3 cycles per second, and 15 000 or 
16 000 volts). 

The Italian State Railways after hav- 
ing developed in all\the northern part 
of their system the use of three-phase 
current at low frequency (16 2/3 cycles 
per second, and 3700 volts) have re- 
cently made trials with three-phase 
current at industrial frequency (45 
cycles per second and 10000 volts and 
have finally selected direct current at 


outside the zone reserved to three-phase 
low frequency current for traction pur- 
poses. 

It is important to note, however, that 
this diversity of solutions is only met 
with on railways which electrified their 
lines before the war: all the adminis- 
trations who have only tackled this prob- 
lem since the last ten or fifteen years 
have uniformly selected direct current. 

It may be objected that this is too 
positive a statement seeing that the elec- 
trification of the Ofot line by the Norwe- 
gian State Railways with monophase 
current at low frequency only dates 
from about ten years, but this operation 
in fact only formed an extension into 
Norwegian territory of the electrifica- 
tion of the Swedish Lapland line, where 
this system had been in use for some 
time. The unanimous decision in favour 
of direct current consequently remains 
the dominant feature of recent decisions, 
when the selection of the type of current 
is not already governed by certain spe- 
cial considerations. 

We propose consequently to examine 
first of all the reasons which formerly 
caused various solutions to present them- 
selves and then show the considerations 
which have recently favoured the gen- 
eral adoption of direct current in new 
cases of electrification. 

We will see in particular that the 
variety of the early solutions is due to 
technical development in the different 
periods when the problem was dealt 
with by the various administrations, — 


-whereas the unanimous opinion in fa- 


vour of direct current seems to be much 
less due to technical progress itself than 
to the new aspect under which the elec- 
trification of railways is now consi- 
dered. oe 5 


B, — Early electrification: 
Direct current at low tension. 


The first applications of electric trac- 
tion on the great railway companies con- 


\ 
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sidered in the present report date back 
to the end of the 19th century or the 
beginning of the 20th. 

At that period there was only one 
system of electric traction sufficiently 
perfected to lend itself practically to im- 
mediate application: that was direct cur- 
rent at a tension of about 600 volts, the 
current being picked up from a conduc- 
tor rail called tthe « third rail ». This is 
the reason why this system was adopted 
for example in 1897 for the Paris-Orleans 
Company when electrifying its lines in- 
side Paris, and later in the neighbouring 
suburbs, — in 1900 by the French Ouest 
on the Paris (Invalides) to Versailles 
line, subsequently incorporated in the 
State Railways, — in 1901 by the Paris- 
Lyons-Mediterranean Company on the 
Chamonix line, — in 1901 also on the 
Italian line from Milan to Varese, — and 
in 1902 by the Midi Company on the 
line from Villefranche to Bourg-Madame, 
CLG. 

In all these applications only lines of 
rather short length, run over by frequent 
and relatively light trains, were in ques- 
tion; the low tension direct current 
lends itself perfectly to the economical 
operation of lines of this kind, as is 
shown by the favour it still enjoys when 
the electrification of city and suburban 
lines is under consideration. 

On the other hand, it was thought 
from the beginning that this voltage was 
not high enough to make it possible to 
extend its application under acceptable 
financial conditions, to the electrifica- 
tion of lines of great length, run over by 
heavy but relatively infrequent trains. It 
was therefore considered essential for 
such lines to turn to appreciably higher 
voltages, as much to reduce the cost of 
installation as to make it possible to use 
powerful locomotives. 


Gq. = Low frequency three-phase 
system. 


It was under these conditions that the 
problem presented itself in Italy, as early 


as 1897, and was tackled with the desire 
of using on the contact line a tension of 
about 3000 volts, then incompatible 
with the use of direct current. 
Monophase electric motor design was 
then only at the experimental stage, 
whereas the three phase induction mo- 
tor seemed to be the ideal traction motor 
owing to its strength, its simplicity due 
to the absence of commutators, and the 
possibility of using the high tension pro- 
posed on the contact line direct. For 
these reasons preference was given to 
the three-phase system. : 
The frequency then had to be decided. 
The use of gears not being considered 
desirable at that period for the high 
powers in view, it was thought better 
to drive the wheels from the motors 
either directly or through rods. Con- 
sequently owing to the low speed of 
rotation thereby imposed on the mo- 
tors, the construction requirements, elec- = 
trical as well as mechanical, led to the 
adoption of rather a low frequency first 
of all fixed at 15, and then at 16 2/3 
cycles per second. 


We all know the subsequent marvel- 


lous development of the three-phase low ; 
frequency system on all the important . 
lines 0n the northern part of the /talian 4 
State Railways, —— and notably to what “3S 
a state of perfection the engineers of 43 
this railway have progressively brought < 


the three-phase locomotives, which are 
among the lightest having regard t to their 
Beek 


D. — Low frequency single-phase 
system. 


The desire to avoid on the one hand 
the complication of the double contact 
line of the three phase system, and on 
the other to use voltages: appreciably ~— 
higher than that of the 3700 volts 
adopted in Italy, subsequently led other 
railways to profit by the technical pro- 
gress that had been made to select single- 
phase current. 


~ 
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Owing to the simplicity of its contact 
line, and to the use of voltages of the 
order of 15000, making it possible to 
spread the substations farther apart, the 
single-phase system should in fact result 
in appreciable economies on the cost of 
installation, — savings capable of bal- 
ancing, and leaving a margin, the in- 
creased cost of expenditure for the pur- 
chase and maintenance of the more com- 
plicated locomotives. In addition in 
spite of the progress realised with time 
in the construction of the three-phase 
locomotive, as regards the regulation of 
the running speed, the great range which 
the single-phase locomotives showed in 
this respect was an important advantage 
in working the main lines. As in the 
case of the three-phase current, however, 
the use of a rather low frequency was 
still necessary but only for reasons in- 
herent to the construction of the motors 
themselves. 

The advantages of single-phase trac- 
tion having been shown by the tests car- 
ried out on various railways, the Nether- 
lands Railways decided to adopt this 
system, using 10 000 volts, 25 cycles per 
second, when electrifying the line from 
Rotterdam to La Haye, which was car- 
ried out in 1908. On the other hand the 
French Midi arrived at the same con- 
clusion and took in hand in 1912 the 
electrification of certain lines in the 
Pyrenees with single-phase current at 
12 000 volts and at a frequency of 16 2/3 
periods per second. Towards the same 
period the Swedish State Railways selec- 
ted 15000-volt, 15-cycle single-phase 
current when electrifying its Lapland 
line, and the Norwegian State Railways 
quite naturally selected the same current 


when it subsequently undertook the 
electrification of the Olof line, an exten- 


sion of the Lapland line into Norwegian 
territory. Subsequently these two rail- 


way systems continued to use the single-. 


phase, 16 2/3-cycle system on their 
later electrifications. 


E. — General characteristics as regards 
the choice of current of electrifica- 
tions carried out before the war. 


During the period between the last 
years of the 19th century and the war, 
each case of electrification of a railway 
was considered as an isolated problem, 
and care was taken to arrive, in each 
case, at the parlicular solution which 
then seemed the most suitable. 

At this period, the application of elec- 
tric traction on a main line railway 
formed in fact an operation sufficiently 
delicate in itself that care was taken to 
avoid bringing in any consideration 
foreign to the technical problem thus 
set. 

An endeavour was made to find the 
most satisfactory solution the then tech- 
nical knowledge could procure and it 
was to the successive stages of this de- 
velopment that the diversity of the solu- 
tions adopted is due, and especially the 
use of low frequency alternating cur- 
rents, first of all three-phase and subse- 
quently single-phase. 

The use for electric traction of low 
frequency alternating current, practi- 
cally unusable for other purposes, did 
not then show any of the drawbacks that 
subsequently revealed themselves. 

On the one hand, the generating sta- 
tions then existing were not as a rule 
sufficiently powerful, nor their high ten- 
sion distributing systems well enough 
organised to guarantee for electric trac- 
tion on a main line railway sufficient 
security: of operation; each electrifica- 
tion was therefore obliged to have its 
own plants for producing and transmit- 
ting the energy it required. 

Moreover, except perhaps in certain 
particular cases, the development of un- 
dertakings distributing. electric energy 
was then too limited for the advisability 
of linking up the power stations and the 
high tension systems to show itself. 

The use of different frequencies for 
traction purposes and for the distribut- 
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ing companies then fitted in perfectly 
well with the idea of separate stations 
and independent transmission lines. 


F. — Evolution of thought on electrifica- 
tion and its reaction on the selection 
of the traction current: adoption of 
direct current. 


It is only during the last fifteen years 
or so that the question has completely 
evoluated in an opposite direction, and 
that broad views have prevailed so as to 
bring the electrification of the railways 
into the scheme of the general electri- 
fication of a country. 

It has been recognised that in order 
to reduce the cost: price of electric 
energy, as well for traction as for all 
other purposes, it was indispensable to 
make arrangements for a large linking 
up of the generating stations, and to 
push on as far as possible the use in 
common of the high tension transmis- 
sion lines. A rational and economical 
solution of this problem could only be 
obtained by the standardisation of the 
type and frequency of the primary cur- 
rent, which should translate itself into 
the uniform adoption as primary cur- 
rent of three-phase current at industrial 
frequency. 

However great might have been the 
development of electric traction on the 
great railways, the consumption of 
power for this purpose could never re- 
present more than a rather small frac- 
tion of the total consumption of a coun- 
try. Experience has moreover proved 
how well founded this way of looking 
at the question was: thus in France, out 


of a total consumption of 12 000 000 000- 


kilowatt-hours in 1929, the great railway 
companies only consumed for electric 
traction purposes 315 000 000 kw.-h., that 
is about 2.6 %; in Italy where the elec- 
trification of the railways has been de- 
veloped for a longer time, the propor- 
tion only reached 3.5% for the same 
year 1929 (347000000 kilowatt-hours 


out of a total production of about 
10 000 000 000). 

The standardisation of the frequency 
on the primary distributing systems im- 
plies consequently the practical aban- 
donment of low frequency alternating 
current, if not on the contact lines them- 
selves, at least for feeding the traction 
substations. Consequently the problem 
of the choice of current presented itself 
under a quite different aspect. 

It was no longer a question, as in the 
past, of deciding in each case the type 
of current by which the most econo- 
mical installations for the railway could 
be got and the most perfected in itself as 
regards the technical aspect, — but 
solely to adopt the system capable of 
fitting in, in the best possible way, the 
financial and technical desiderata with 
the obligatory feeding of the substations 
with three-phase current at industrial 
frequency. : 

Progress realised meantime in the con- 
struction of direct current generators 
and motors for sensibly higher voltages 
than those previously used, made it pos- 
sible to consider the use of this type of 
current for the electrification of the 
main line railways. As this system 
seemed to be the one which also lent 
itself to the supply of the substations by 
three-phase current at industrial fre- 
quency under the best technical and 
financial conditions, it was upon this 
that the almost unanimous choice of the 
railways fell. 

: These considerations became so impor- 
tant that they not only imposed them- 
selves upon the administrations which 
had not begun to electrify their rail- 
ways, but certain railways already work- 
ing on different lines for some years did 
not hesitate to reconsider their previous 
decisions. ey 

This was the case when direct current 
was adopted in France, in 1920, in full 
agreement with the Midi Company 
which had already carried out in the 
Pyrenees electrification’ schemes on an 


= 
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important scale with single-phase cur- 
rent. 


The same thing took place in 1922 in 
the case. of the Netherlands Railways 
which, having for many years operated 
with single-phase current the Rotterdam 
to The Hague line, decided to equip it 
with direct current when carrying out 
new electrifications. 


In Italy the position presented itself 
in a very different manner owing to the 
extension of the low frequency three- 
phase system over all the north-western 
part of the Italian State system. 


However the question remained un- 
settled for a very wide zone in the 
eastern and southern areas of the rail- 
way. Consequently it was decided, in 
1919, to consider if it would not be as 
well, in order to facilitate the general 
electrification of this part of the coun- 
try, to adopt for the new railway elec- 
trifications a different system of trac- 
tion than that which had formerly given 
such good results. 


The supply of current to the traction 
substations having to be by means of 
three-phase current at industrial fre- 
quency to meet the object proposed, the 
railway first of all had to see if it could 
use this type of current directly on the 
contact line : this test was made on the 
Rome to Avezzano line with three-phase 
current at 10 000 volts, 45-cycles.. At the 
same period the Italian State Railways 
also experimented with direct current at 
3000 volts on the line from Benevento 
to Foggia. 

The results obtained since 1927 « on the 
Rome to Avezzano line have clearly 
shown that it is possible today to escape 
from the obligation of adopting three- 
phase traction, a frequency definitely 
less than the industrial frequency : 
thanks to the progress made in the last 
30 years in mechanical and electrical 
work all the reasons which formerly im- 
posed such a limitation are now GEES 
ated. 


) 


The double contact line with the three 
phase system still forms an obstacle both 
technical and financial to the electrifi- 
cation of main lines run over by express 
trains. Moreover the three-phase induc- 
tion motor does not lend itself any too 
well to the construction of locomotives 
which have to develop their full power 
at very different speeds. In addition the 
number of running speeds of these loco- 
motives is necessarily rather limited and 
this makes it difficult to control them 
in a sufficiently accurate manner at high 
speeds. 

All these difficulties are avoided when 
direct current at 3 000 volts is used, the 
results on the Benevento to Foggia line 
being considered sufficient to decide the 
application of this current to future elec- 
trifications, always with the exception 
of those to be carried out in the zone 
already given over to the low frequency 
three-phase system: for example the 
lines from Benevento to Naples and Bo- 
logna to Florence were in course of elec- 
trification in direct current at 3000 
volts when we prepared our report. 

To sum up, in order to be able to 
adapt themselves to the present evolu- 
tion, the Italian State Railways could not 
think of completely doing away with 


\ their former low frequency alternating 


current installations, like the Nether- 
lands or Midi Railways were able to do, 
because these installations had already 
become too widely extended. But thanks 
to the fortunate concentration of these 
installations in a well-defined zone of 
their system, they were able nonetheless 
to select for new electrifications outside 
the zone in question a traction system in 
keeping with modern ideas. 


G. — Effect of this evolution on traction 
using alternating current. 


The almost unanimous favour recent- 
ly given to direct current for traction 
purposes seems to indicate that this is 
the system which fits in most completely 
with the evolution of. ideas in electrifi- 
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cation matters under the present techni- 
cal and financial conditions. But it would 
be quite exaggerated to pretend that the 
advantages of a general nature that care 
is taken to follow up are exclusively 
attached to this system, because many 
solutions have been carried out or are 
proposed to adapt, to modern tenden- 
cies, traction using single-phase current. 


In most cases low frequency single- 
phase current has been retained on the 
contact lines, the installations with three- 
phase current at the industrial frequency 
being supplied by means of convertor 
groups. This system which would have 
been considered a heresy by the early 
promotors of the single-phase system, is 
however only the logical sequence of 
present ideas on the linking together of 
generating stations and the common util- 
isation of the high-tension transmission 
lines. For this reason it has been adopt- 
ed by the Swedish State Railways for 
all recent electrifications, and by the 
Norwegian State Railways for certain of 
their lines; it has also been applied on a 
large scale in countries outside those 
dealt with in our report and in particu- 
lar in America. 

The progress recently effected in the 
construction of mecury vapour recti- 
fiers, transformed into valves by the ad- 
dition of polarised grids, makes it pos- 
sible to foresee in the near future the 
possibility of dispensing with revolving 
machinery for a conversion of this kind, 
and this would appear to promise fur- 
ther extensions of the use of this solu- 
tion. 

One may even think of going much 
further by endeavouring to use the in- 
dustrial frequency on the single-phase 
contact line. 

As we know, this solution was widely 
applied in the past, as the result of the 


use of a uniform frequency of 25 cycles | 


per second for all purposes, a compro- 
mise between the 40- and 60-cycle fre- 


quencies generally preferred for the dis- 


cycles, better adapted to the require- 
ments of single-phase traction. 


But today an attempt is made to avoid 
this compromise by adapting the single- 
phase locomotive to frequencies of about 
50 cycles per second: the successive sec- 
tions of the contact line could thus be 
fed without changing the frequency by 
the different phases of a three-phase in- 
dustrial frequency system, and the con- 
version of the current could be effected 
on the locomotives themselves before use 
by the motors. It does not appear how- 
ever that this solution, recently tested 
elsewhere has been tried on any of the 
railways considered in this report. We 
will limit ourselves therefore to indic- 
ating that outside the type of rotary con- 
verter used for this test, certain con- 
structors are considering a new solution 
of the same problem by installing on the 
locomotive a rectifier with polarised 
grids which feeds the motors without 
commutators. 


Three-phase traction on its side has — 


followed a parallel evolution. 

We have already indicated how the 
Italian State Railways had shown, by a 
most interesting test, that it was possible 
to use in practice ihe industrial fre- 
quency on the three-phase current con- 
tact line. 

On their low frequency three-phase 
current installations they have recognis- 
ed, as did the Swedish State Railways 
for their low frequency single-phase in- 
stallations, the value of feeding three- 
phase current at industrial frequency by 


means of convertor groups. Whereas the _ 


first electrified lines were fed at low 
frequency either by special power sta- 
tions or by power stations in which 
there were both low frequency and in- 
dustrial frequency alternators, thereby 
assuring connection with the private 
distribution systems, recent installations 


are fed by large substations which re- — 


ceive exclusively three-phase current at 


tribution systems and that of 15 or162/3 the industrial frequency and convert it 


~ 


pon SO tm orem 
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into low frequency three-phase current 
by means of motor-generator groups. 

This shows to what extent the evolu- 
tion of ideas in the matter of general 
electrification, which recently has caused 
a very- marked movement in favour 
of the adoption of direct current for 
electric traction, has also reacted upon 
the design of installations for traction 
by alternating current. 


H. — Consequences common to all trac- 
tion systems, whatever the type of 
current adopted for the contact line. 


The old installations using alternating 


low frequency current (three-phase cur- 


rent or single-phase current) were cha- 
racterised by the fact that the primary 
current used to feed them was of the 
same type as the traction current used 
on the contact line: as we have just seen, 
recent developments tend to give up this 
idea which was thought to be essential 
in the beginning. The result has been 
that in the case of alternating current as 
well as direct current traction systems, 
the methods of feeding the new installa- 
tions are no longer influenced by the 


type of the traction current itself. In- 


particular, whatever may be the system, 
it is possible to avoid the construction 
of special generating stations, and even 
of high tension transmission lines exclu- 
sively given over to feeding the traction 
substations. 

A great number of administrations 
have profited by these facilities to re- 
duce to a marked extent their expendi- 
ture in connection with electrification 
by looking to private industry to supply 
the necessary energy and even in some 
cases to transmit it as far as the substa- 
tions. They have been able to obtain by 
this method an appreciable reduction of 


the cost price of the current produced 


much more economically in very large 
stations supplying a_ varied 
Moreover thanks to the great 
capacity of the private power stations 


and to the development of their high 
tension distribution lines, the railway 
administrations have been able to secure 
to their electric operation the benefit of 
a security of working much greater than 
would have been the case if supplied by 
an isolated power station specially built 
for their own needs. 

We may cite as an example the case 
of the Modane line of the Paris-Lyons- 
Mediterranean Company, where the an- 
nual consumption of energy for electric 
traction is less than 30000000 kw.-h., 
whereas the power stations of the 
private company supplying energy to 
the traction substations can produce 
250 000 000 kw.-h. a year. On the same 
line the total power absorbed by trac- 
tion for peaks of a duration of 5 minutes 
rarely reaches 10000 kw., whereas the 
power of the groups installed in the 
hydro-electric stations of the supplier 
exceeds 70000 kw. If it is noticed, 
moreover, that these power stations are 
distributed in several valleys in which 
the water supply conditions are very 
different and that their installation is 
completed by that of a lake at a high 
altitude forming a regulating reservoir, 
it is easy to appreciate that the railway 
could not obtain equal guarantees of 
security by means of power stations spe- 


cially built for its traction service. 


The same reasons in favour of the pur- 
chase of energy from private power sta- 
tion also prevailed on the Algerian S'tate 
Railways, the Morocco, the North ‘of 
Spain, the Nord-Milano, the Netherlands 
and the Duich East Indies Railways. 


“Most of these railways have been able 
to avoid the necessity for constructing 
high tension distributing lines feeding 
power to their traction substations, by 
using the lines installed by their sup- 


_ pliers either especially for this object or 


for the general distribution of energy to 
their customers. 

On the other hand other administra- 
tions have been obliged to build generat- 
ing stations themselves and high tension 
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distribution lines because the develop- 
ment of the electric industry in the re- 
gion considered was insufficient to meet 
the needs of a traction undertaking over 
a wide field. In order to be in a posi- 
tion to profit by the advantages of all 
kinds of which we have just spoken, the 
railways have been obliged, in this case, 
to put down generating stations of very 
great power and to connect them by 
high tension lines to private power sta- 
tions or distribution systems. By this 
method, the railways have been able to 
dispose of their own surplus power, im- 
prove the use made of their high tension 
lines, and above all guarantee a great 
security of working to their under- 
taking. 

We have already shown in the second 
part of this report the broad view taken 
by the French Midi Company in the 
Pyrenean region and the Paris-Orleans 
Company in the «Massif Central» in 
adopting this solution. On their side, the 
Italian State Railways — which had al- 
ready been obliged to set up large low 
frequency power stations for the three- 
phase traction — have been obliged more 
and more to enlist the aid of all the most 
important private power stations. In the 
case of new electrifications, they hoped 
to be able to avoid building for them- 
selves new power stations at industrial 
frequency, except naturally in those re- 
gions. where energy would be lacking. 
The same solution has been adopted by 
the Swedish State Railways which in 
their recent electrifications at one and 
the same time feed their traction substa- 
tions from their own power stations at 
industrial frequency and-from private 
power stations. In Norway a slightly 
different solution has been adopted: the 


State power. station produces low fre- | 


quency single-phase current, but the trac- 
tion substations are also fed by a private 
power station at industrial frequency, 
by means of converter groups and the 
linking together of these two methods of 
supply makes it possible to get the best 


use of the water power of the power sta- 
tions. 

This shows the great variety of inte- 
resting combinations that can be used 
for feeding the traction substations with 
three-phase current at industrial fre- 
quency, whatever may be the type of 
current used on the contact line. 


I. — Choice of the voltage for direct 
current traction, 


To terminate this part of our report 
concerning the selection of the traction 
current, we have still to indicate briefly 
the considerations which have to be 
taken into account in selecting the volt- 
age in the case of electrifications using 
direct current. 

The French State System alone keeps 
to 650 volts, nearly the same as that 
adopted more than 30 years ago for the 
first electrification carried out in the 
suburbs of Paris. In fact, up to now, 
the electification of the French State 
System has remained limited to the sub- 
urban lines, for which this voltage per- 
fectly well meets the requirements. But 
this System considers that if the problem 
had not already been settled many years 
ago, it would at the present time be 
better to use the tension of 1500 volts, 
which would favour the extension of 
electric traction to a region further out 
from Paris and which could be used, 
if need be, for electrifying the main 
lines of the system. 


Outside the particular case we have . 
just pointed out, since the war electrifi-- 


cations undertaken on the other French 


railways have all been carried out with - 


direct current at 1500 volts, owing to a 
decision taken in 1920 by the Ministry 
of Public Works as the result of an enqui- 


ry started in 1918. Mercury vapour rec- 


tifiers were at that time far from giving 
the reliability of operation that has since 
been assured thanks to the progress made 
in their construction; the adoption of 


3000 volts would have required the use 
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of motor-generators in the substations 
whereas the voltage of 1500 made it 
possible to be satisfied with converters, 
appreciably less costly and with a better 
efficiency. Furthermore the perfecting 
of the 3000-volt motors at that time 
appeared to offer certain difficulties to 
the European builders, especially as re- 
gards the motor coaches, the price of 
which also would have been appreciably 
greater than for 1500 volts. It was thus 
the technical and financial conditions of 
the moment which led to the tension of 
1500 volts being selected. 


The Netherlands Railways and Dutch 
East Indies Railways, moreover, came 
to the same conclusion. 


On the other hand, the Morocco Rail- 
ways, the Italian State and the Nord- 
Milano and finally the Algerian State 
Railways, profiting by the progress made 
in the electrical industry, did not hesi- 
tate to adopt the tension of 3 000 volts. 

This tension of 3000 volts was also 
selected by the North of Spain Railways 
for their first electrification on the Pa- 
jares line, in order to make the electrifi- 
cation more profitable thanks to the re- 
duction in the- number of substations. 
However, this railway returned to the 
tension of 1 500 volts when it was a ques- 
tion of electrifying a line including a 
well developed suburban service for 
which the construction of motor coaches 
at 3000 volts was at that period not suf- 
ficiently perfected. 


A large number of reasons which led 
most administrations to prefer the ten- 
sion of 1500 to that of 3000 volts have 
today ‘disappeared. On the one hand 
the mercury vapour rectifiers, which are 
capable of supplying economically this 
latter type of current, have undergone 
successive improvements which guaran- 
tee great security of action and justify 
the rapid extension of their use in re- 
cent years. The construction of the mo- 
tor stock for 3000 volts, including the 
motor coaches themselves, has also been 


successfully carried out by many Euro- 
pean builders, The result is that this 
technical progress has appreciably modi- 
fied the conditions under which at the 
present time the financial balance-sheet 
between the two tensions of 1500 and 
3000 volts presents itself. 

The motor stock at 3000 volts remains 
however appreciably dearer than that at 
1500. Certain engineers moreover fear 
that a difference of the same extent, if 
not more marked, may be seen in the 
maintenance costs. The increased ex- 
penditure to be provided for under this 
head should therefore be taken into ac- 
count when dealing with the savings that 
the use of a higher tension may produce 
on the fixed plant. 

The result is that if the balance defin- 
itely favours 3000 volts for the electri- 
fication of lines with a relatively small 
traffic in which case the expenditure on 
the fixed installations is much more im- 
portant than that on the motor stock, the 
situation might be reversed in the case 
of lines with a heavy traffic requiring a 
considerahle stock of locomotives or mo- 
tor coaches. \ 

It ‘is therefore not suprising that the 
French Midi, having extended its electri- 
fication to lines with a very variable 
traffic, estimates that it would have been 
better had a tension of 3000 volts been 
adopted in France. On the other hand 


. the Paris-Orleans Company, the electri- 


fication of .which affects exclusively a 
trunk line with heavy traffic and in- 
cludes a section in the Paris suburbs, 
considers that the 3000-volt tension 
would not have shown in this case a 
definite advantage over the 1 500-volt 
system. In the same way the Belgian 
National Railway Company which re- 
cently studied the electrification of its 
main line between Brussels and Antwerp 
has found that the 1500 and the 3000 
volts are about equal as regards prices, 
the economies realisable on the lines and 
substations being absorbed by the higher 
cost of the tractor stock. tats! 


td 
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It appears therefore that at the present 
time, as regards electrification by direct 
current, there is an almost unanimous 
opinion in favour of 3000 volts for lines 
not having a particularly dense traffic, 
but that the question of the choice of the 
tension remains very arguable for lines 
with very heavy traffic and especially 
for those which have also a well-devel- 
oped suburban service. 


QUESTION 3. 


Résumé to serve as a basis 
for the discussions at the Congress. 
a) Reasons which were responsible 


for the different solutions adopted in 
the past as regards the type of traction 


~ current; 


b) General evolution of tendencies in 
the matter of electrification and the 
adaptation of different systems of trac- 
tion to these modern tendencies; 


c) Recent practical unanimity in fa- 
vour of direct current; 


d) Choice of voltage for direct current 
electrification. 


QUESTION 4. 


Safety measures. 
A. — Preamble. 


We have considered on the one hand 
that the question proposed dealt exclu- 
sively with the safety of persons (staff 
of the railway and others not employed 
by the railway), — and in addition that 
it was necessary to bring out the safety 


' measures specially applicable to electric 


traction and not those concerning the 
use of electricity in general. 

It is in this sense that we prepared 
the questionnaire addressed to the rail- 
way administrations, asking them to be 


good enough to keep these consider- 
ations in mind when answering. 


It is also in this sense that we have 
dealt with the question in the present 
report. 


B. — Generating stations, high tension 
transmission lines and substations. 


The safety measures accepted by the 
railway companies either in the equip- 
ment of their generating stations, their 
high tension lines or their.traction sub- 
stations, — for the supervision and main- 
tenance of these installations, — do not 
present any differences with those gener- 
ally observed in installations of the 
same kind producing, transporting and 
distributing electric energy for other 
uses than for traction purposes. 

We limit ourselves therefore to point- 
ing out the special arrangements which 
have had to be taken in certain cases to 
prevent the usual safety measures affect- 
ing the maintenance of the high tension 
lines from having an undesirable reper- 
cussion on the regularity of working 
of the traction service. 

To suppress completely any inconve- 
nience of this sort, certain railway ad- 
ministrations have felt themselves obli- 
ged to install two independent lines so 
that it was possible to keep one of them 
under tension to feed the substations 
when current had to be cut off the other 
line for maintenance purposes. 

In this way the Paris-Orleans Company 


feeds. all its substations by means of two 


independent 90 000-volt lines, carried on 
different pylons, the distance between 
the two lines being about 20 m. (66 feet). 


For feeding the substations on the 
Modane line the Paris-Lyons-Mediterra- 
nean Company also installed a double 
high tension line; but as it had been 
content with the tension of 42 000 volts 


adopted previously for the distribution — 


system of the company supplying the 
energy it was possible to carry the con- 
ductors of the two lines on the same sup- 
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ports. These have however been design- 
ed in such a way that the minimum 
distance between the conductors closest 
together of the two different lines is 
never less than 3.60 m. (12 feet); thanks 
to this wide distance apart and the par- 
ticular arrangement of the pylons it is 
possible to work on one line while the 
other is kept under tension. It has there- 
fore been possible to obtain the same 
facilities as with separate lines on sepa- 
rate pylons the cost of which is much 
greater. 


C. — Overhead contact lines: 
general measures. 


In order to call the attention of the 
public to the danger of making contact 
with overhead traction lines, the general 
practice has been to put up in the sta- 
tions, at level crossings or on structures 
crossing the permanent way notices call- 
ing attention to this danger and forbid- 
ding anyone to touch the overhead lines. 

In the case of bridges or footbridges 
crossing contact lines, these measures 
have in most cases been amplified by 
fitting above these lines metal plates or 
expanded metal screens on each side 
of the seuss for a width of 1 to 
1.50 m. (3 ft. 3 3/8 in, to 5 ft.) and fitted 
with earthing wire. 

In certain cases the open sides of brid- 
ges or footbridges have been closed in 
by plain panels; the Netherlands Rail- 


_ ways have even put up completely en- 


closed footbridges. 
Outside the substations and the sec- 


_ tioning or paralleling posts, — for which 


signalling lamps are widely used —, 


usually there is no light signalling, indi-- 


cating that the contact lines are under 
tension in the stations or between them. 

The railway administrations limit them- 
selves to laying down, either in the in- 
structions distributed to the staff or by 
notices for the public, that the contact 
lines should always be considered as 


being under tension. 


Certain railway systems have however 


thought it desirable to complete these 
prescriptions by light signals; but to 
meet the danger’ of a light going out 
unexpectedly, it is then specified that 
if the lamps being alight is to be consi- 
dered as a positive indication, the lights 
being out does not excuse any faiture to 
take the measures required to make cer- 
tain that the current has been cut off 
and that the contact lines have been 
earthed. 

With these formal restrictions the sys- 
tem of light signalling of contact lines 
has been installed by several railway 
companies upon. the locomotive shed 
lines and the shop lines. The Paris- 
Orleans Company has even extended this 
system in certain stations by means of 
groups of lamps arranged in cluster form 
and the Paris-Lyons-Mediterranean uses 
luminous tubes containing rarified gases 
to facilitate the carrying out of shunting 
operations on certain service lines and 
particularly to prevent an electric loco- 
motive being sent on a line the contact 
line of which has been earthed; finally 
in order to reduce the risks of the lamps 
going out unexpectedly each arrange- 
ment consists of two light tubes working 


in parallel. 


In order to guarantee the safety of the 
public and the station staff during load- 
ing and unloading wagons, nearly all 
railways definitely forbid this work to 
be carried out under overhead lines un- 
der tension. The current is usually cut 
off from the overhead line by means of 
a section switch which in its open posi- 
tion earthes the portion of the line under 
which the work is being done. Usually 
the switch has to be padlocked in this 
position and the key of the lock is kept 
by the employee responsible for working 
this part of the station; in most cases it 
is also laid down that the section switch 
is only to be closed if the line has to be 


put under tension to carry out a shunt 


with an electric locomotive and to relock 
it in its open and carthed position as 
soon as this operation is finished. 
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In carrying out various light repairs 
to rolling stock, the men have to get 
on the roof of the carriages or wagons : 
All the railways absolutely forbid this 
work to be done under overhead contact 
lines under tension. If it is necessary to 
carry out these operations on lines with 
overhead contact lines, the latter should 
first of all have the current cut off and 
be earthed. 

The attention of the staff is also called 
to the danger existing in the contact 
lines as regards the train staff when in 
the raised brake shelters on goods wa- 
gons, 

On certain railways the staff are not 
allowed to occupy these raised brake 


shelters. unless no wagons fitted with’ 


brake shelter on the floor level are avail- 
able. 

Other railways only allow train staff 
to occupy raised brake shelters if these 
are entirely closed. 


D. — Level crossings on lines equipped 
with overhead contact lines. 


Outside the notice-boards calling the 
attention of the public to the danger of 
the contact lines at level crossings, spe- 
cial measures are often prescribed to as- 
sure the safety of the road traffic. 

Certain. railways such as the Paris- 
Orleans and the North of Spain on which 
the contact line is normally installed on 
the open track at less than 6 m. (19 ft. 
8 in.) above rail level, the contact line 
has been raised, when possible to 6 me- 
tres at the level crossing. 

Several administrations have installed 
on the road, on both sides of level cross- 
ings, loading gauges for the road vehicles 
in order to prevent vehicles with too 
high a load which might come in contact 
with the contact line from crossing or 
even from getting too close to it : for this 
purpose these gauges are generally set 
up to a dimension which is 0.50 m. (20 
inches) below that of the contact line, 
sometimes even more. They usually 


_ latter 


consist of very light gantries or of ordin- 
ary cables stretched across the road: 
on the /talian State Railways, the protec- 
tion cable which connects all the pylons 
of the contact line is purposely placed 
0.30 m. (12 inches) below this line. On 
certain railways the gauges carry notices 
and sometimes even acoustic devices 
(bells). 

The great French Railways (Midi, 
Paris-Orleans and Paris-Lyons-Mediter- 
ranean) do not install any gauges unless 
the contact line is less than 6 m. (19 ft. 
$8 in.) above rail level. Other railways 
such as the Italian State, Nord-Milano, 
Norwegian State, Dutch East Indies and 
Morocco Railways, fit gauges of this kind 
at all important level crossings, regard- 
less of the height of the contact line, — 
or even at all level crossings without ex- 
ception regardless of the amount of road 
traffic. 

In the case of supervised level cross- 
ings, even when fitted with gauges, it 
is generally laid down that the crossing 
keepers shall supervise the loading of 
the vehicles coming onto the level cross- 
ing. 


E, — Pylons carrying the contact lines 
and neighbouring metal structures. 


In order to avoid the danger which 
might arise as regards the public and 
staff through the current unexpectedly 


coming onto the pylons carrying the con- 


tact line in the case of damage to these 
or through defective insulation, 
two distinct methods have-been utilised. 


The most simple and the most econo- 
mical system consists in fitting each py- 
lon with an earthing plate: this arran- 
gement has been considered sufficient 
by the North of Spain Railway, on the 
lines of the Midi System fitted with the 
automatic block and ‘on those of the 
Paris- Orleans Company fee enbibe in cer- 
tain special cases). 

The second method consists in con- 


necting the pylons to the running rails 


ere 
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by suitable connections : this system has 
the drawback of being more costly than 
the first but it makes. it possible to ob- 
tain more certainly the release of the 
switches of the substation or of inter- 
mediate posts in case of any defect on 
the contact lines. This is the reason why 
the Paris-Orleans Company which gene- 
rally is satisfied with the earthing plates 
which we have just mentioned, thought 
it necessary to use in certain cases con- 
nections between the pylons and the 
rails. On its side, the Paris-Lyons-Medi- 
terranean Company has generalised this 
latter system after having employed at 
the beginning separate earthing plates. 
The pylons are also connected to the 
running rails by the Netherlands Rail- 
ways, Dutch East Indies, the Nord-Mi- 
lano and the Norwegian State. 

On the WNord-Milano these con- 
nexions are formed by a round steel bar 
16 mm. (5/8 inch) in diameter, electri- 
cally welded to the pylons and to, the 
foot of the rails; the Netherlands Rail- 
ways use either one or two bare copper 
wires of 50 mm2 (0.077 in2) area; on the 
Paris - Lyons - Mediterranean Railways, 
copper cables lightly insulated, 105 mm2 
(0.163 in?) in section are used. 


We would also point out that certain 
railway systems have combined the two 
methods. On the lines of the French 
Midi, not fitted with the automatic block, 
the two arrangements have been used at 
the same time, that is to say the pylons 
are fitted with earthing plates and at 
the same time are connected to the rails. 
Giher railway systems have completed 
one of the methods by arrangements de- 
rived from the other: in this way the 
pylons on the Morocco Railways have 
individual earthing plates but are also 
- connected to a negative feeder connected 
to the rails at intervals; on the other 
hand on {the Algerian State Railways 
each pylon is connected to the rails, but 
these are fitted with earthing plates eve- 
ry kilometre (0.62 mile). Finally the 
pylons on the /talian State Railways are 


é 


connected together by a protecting cable: 
connected in turn to the rails every 4 or 
5 supports and the rails are in their turn 
fitted with earthing plates about every 
560 m. (0.31 mile). 

Identical measures are generally taken 
to earth or to connect to the rails the 
metal structures near the contact lines : 
bridges, signal gantries, metal frames of 
station roofs, ete... 


F, — Maintenance of overhead trolley 
wires. 


Some of the railways using 1 500-volt 
direct current allow certain urgent re- 
pair work, when not too extensive, to- 
be carried out on the contact lines whilst 
under tension. 


For example, the maintenance gangs: 
of the Paris-Orleans Railway can be au-- 
thorised to carry out slight repairs on 
condition that they use insulated ladders 
or platforms and put at the same poten- 
tial (either by means of section switches 
if these exist, or by means of portable 
connexions) all nearby conductors with 
which the workman might accidentally 
come into contact while doing his work 
or even when getting to the place where 
the work has to be done. 

The Netherlands Railways operate im 
the same fashion when the repair will 
only take a very short time, as for 
example the removal of a broken suspen-- 
sion wire; but the authorisation to work 
on a trolley wire under tension is only 
given when the weather is dry and on 
condition that really dry ladders are 
used and that the men keep themselves 
sufficiently far away from details that 
are earthed or even under a different 
tension. , 

The North of Spain Railway autho-- 
rises small repairs, such as tightening up» 
a wire, replacing a support that has. 
become displaced, etc., to be carried out 
on 1500-volt lines under tension, woo- 
den ladders resting on insulators being” 
used. This practice is not however al- 
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lowed on the Pajares line where the 
tension is 3 000 volts and over which the 
intensity of traffic is appreciably less 
than on the lines electrified with 1500 
volts so that it is not necessary to carry 
out repairs so quickly. 

All the other railways forbid any work 
under any circumstances to be done on 
trolley wires under tension, even when 
this tension is only 1500 volts. 

Switching the current off the trolley 
wire prior to carrying out any repair 
work (for important work on the first 
railways and for all repairs on the 
others) is done by operating the eircuit 
‘breakers in the substations or interme- 
diate stations, completed, if the case 
arises, by opening the local section swit- 
ches by means of which the current can 
be restored on the trolley sections not 
directly affected by the work. 

These appliances are operated by com- 
petent staff at the request of the man 
in charge of the repair gang according 
to the instructions or orders wherein 
are laid down the detailed steps to be 
taken to prevent the current being res- 


tored too soon (padlocking the appli- 


ances, putting up notices, etc.). 

In addition, the action of cutting off 
the tension has to be completed in all 
cases by earthing (or to be more exact 
by making connexion with the rails) 
this being done by the repair gang on 
each side of the work even when the 
circuit breakers and section switches 
cutting off the current have already been 
earthed, for the portion of the trolley 
considered. 

The appliances used to earth the trol- 
ley wire at the point where the repairs 
are being carried out differ in type ac- 
cording to the, railway; they generally 
include a metal clamp intended to be 
fastened to the foot of the rail and con- 
nected by flexible insulated copper 
cables to a clip of various forms mount- 
ed on an insulating pole. Obviously the 
clamp has first of all to be fastened to 
the rail and only after this has been 


done is the other clip to be hooked onto 
the trolley wire; the operations have to 
be carried out in the reverse order when 
disconnecting the earth, which must 
moreover always be done before making 
a request for current to be put on the 
line again. 

The Paris-Lyons-Mediterranean Rail- 
way specifies in addition that at each 
place at which work is being carried 
out a sufficient number of earthing ap- 
pliances are to be used so that no work- 
man shall work at more than 100 m. 
(330 feet) from one of them; each job 
should be protected by itself without 
taking into account any work being done 
nearby, unless one man is- supervising 
them all. 

Similar precautions are taken in the 
case of work not on the trolley wires 
themselves but nearby. 

Usually all that is required is that the 
trolley lines shall have the current cut 
off and be earthed when any work is 
being done within such a distance that 
a workman can accidentally come into 
contact with them. This distance is left 
generally to the decision of the foreman 
earrying out the work: the Algerian 
State Railways however fix this at one iB 
metre. 8 

The Paris-Lyons-Mediterranean also . 
lays down that within 50 metres (164 
feet) of every man working near a trol- 
ley wire under tension there shall be 
an earthing device ready for use, i. e. 
with its clamp connected to the running 
rail and the other end ready to be put 
on the trolley wire in case of urgency. 

In order to prevent the prescribed sa- > 
fety measures to be followed when main- 
taining the trolley wires from causing too- 
great interference with the working 7 
the railway, the administrations general- = 
ly have tried to accelerate these oper- : 
ations by putting at the disposal of the 
maintenance gangs portable telephones 
which enable them to get into touch 
with the substations or the nearby sta- ee 
tions. ka ae, 
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These telephones can’be put into ser- 
vice either by means of poles hooked on 
the telephone wires or by means of fixed 
connexions set up at intervals along the 
line on a special circuit: such con- 
hexions are for example installed every 
250 m. (820 feet) on the Modane line 
of the Paris-Lyons-Mediterranean Rail- 
ways and every 300 m. (984 feet) on the 
Paris-Orleans: lines; on the Italian State 
Railways telephone posts have been pro- 
vided all along the line every two kilo- 
metres, (1.24 miles) at the most. 

Some railways have in addition pro- 
vided arrangements whereby the tension 
can be taken off the trolley wires with- 
out the intervention of the substations. 
The Paris-Orleans Railway has even in- 
stalled, on its most frequented sections, 
circuit breaking boxes: every 500 m. 
(984 feet); but this arrangement which 
causes the switches in the substations or 
intermediate stations to open should not 
be used except in definite cases of ur- 


gency. 


G. — Steam traction on lines fitted with 
overhead contact lines. 


The attention of the staff handling 
steam locomotives having to run over 
electrified lines with overhead trolley 


wires is called to this danger by notices. 
placed in the depots or by instructions. 


distributed to the men; some administra- 
tions in addition post up in the locomo- 
tive cabs notices briefly pointing out 
this danger. 


On nearly all the railways it is forbid- 


’ den to climb upon the tender or on the 


upper part of steam locomotives running 
under trolley wires; certain railways al- 
low some relaxation of this regulation 


-in cases of absolute necessity, while re- 


commending in such cases the greatest 
care and forbidding the men to stand 
upright. 
tion of the staff to points at which the 
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In certain cases notices or 
other methods are used to call the atten- - 


trolley wire is brought lower so that they 
can take even greater care. 

The locomotive staff are generally 
warned not fo use the fire irons, except 
with the greatest care when under a 
trolley wire; on certain railways this 
is even definitely forbidden. To lessen 
the danger from the firing tools being 
carelessly handled the Paris-Orleans, the 
Netherlands, and the Algerian State Rail- 
ways have fitted behind the locomotive 
cab a screen or extension limiting the 
movements of long tools. The Paris- 
Lyons-Mediterranean Railway after hay- 
ing fitted up this arrangement subse- 
quently replaced it by another method 


_ already used in Switzerland and which 


consists in fitting on the tender a, very 
large tube in which the fireman can 
place the irons as-he withdraws them 
from the firebox, or inversely, so that 
he does not run any risk of letting them 
project above the cab. 

The railways also call the attention 
of their staff to the precautions to be 
taken when watering the coal on the 
tender near the overhead lines and on 
the necessity of avoiding throwing water 
either through excessive use of the blow- 
er or by priming when starting 

On the Nord-Milano the steam loco- 
motives are in addition fitted with an 
arrangement to prevent the colum of 
steam and water from the safety valves 
from reaching the overhead lines. 

We will also mention certain measures 
which, while tending especially to pro- 
protect the overhead lines from being 


“damaged, nonetheless indirectly affect 


the safety of the staff. Such, for exam- 
ple, is the regulation laid down by the 
French Midi to take care not to stop the 
steam locomotives with the chimney un- 
der an insulator of the trolley wire, or 
even near it: if for any given reason this 
regulation cannot be strictly observed the 
use of the blower is then definitely for- 
bidden. With the same object-of avoid- 
ing damage to the trolley wires the Paris- 
Lyons-Mediterranean Company has fitted 
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deflectors to the chimneys of boilers fit- 
ted in the trucks used to steam heat the 
vehicles in the electric trains on the 
Modane line. 


H. — Lines equipped with third rail: 
general requirements. 


In addition to the notices or warnings 
calling attention to the danger of death 
which might result from accidental con- 
tact with the third rail, an endeavour is 
made to diminish the risk by using 
guard boards. 

When dealing with tensions of 600 to 
700 volts, the third rail is not generally 
protected except in stations or at points 
accessible to the public such as near 
level crossings, but no protection is pro- 
vided on the open lines on which only 
men accustomed to the danger and 
knowing how to take the necessary pre- 
cautions are employed. On the French 
State Railways, where the current is 
picked up from the under side of a rail 
of rather special section, the protection 
simply consists of plates of. fused basalt 
placed on the third rail itself. All the 
other railways, using a rail from which 
the current is collected from the upper 
face, fit insulated guard boards. 


On the Modane line on which the ten- 
sion is 1500 volts, the Paris-Lyons-Medi- 
terranean Company has thought it neces- 
sary to install a continuous guard, even 
on the open road, consisting of three 
lines of creosoted boards (two at the 
sides and a third above the rail); this 
guard is carried by the rail itself, insu- 


_lators (of porcelain, earthenware or 


fused basalt) being inserted between the 
web of the rail mand the metal parts 
holding the boards together. 

This Company, like the /talian State 
Railways, connects to the running: rails 


by copper connexions any metal parts 


near the third rail, or those in which 
there might possibly be a dangerous po- 
tential through the return current. 

As a result of the Pep UIROMS adopted 


Lyons-M editerranean Bas eays: 


_ ferent type. «ad 


‘repairs to Be carried out when oe third — 


for lines fitted with overhead trolley 
wires, loading and unloading of wagons 
can only be carried out on a line fitted 
with a third rail when the portion of this 
rail affecting the track in question has 
previously been made dead and earthed 
by means of suitable section switches 
and in accordance with the methods in- 
dicated previously. 

The examination of and running re- 
pairs to rolling stock on lines fitted with 
a third rail should not be carried out 
usually until the current has been cut off 
and the line earthed. Cases arise how- 
ever in which certain work of this kind 
(such as the inspection of the brake and 
the running gear) can only be carried 
out when the trains are at a station, or 
are standing on a line where the current 
cannot be cut off the third rail nor the 
latter be earthed: the attention of the 
staff is then especially called to the dan- 
ger resulting from the proximity of the 
third rail in ‘spite of the guard boards 
with which it is fitted; these guard 
boards can moreover be of a type spe- t 
cially designed to meet this particular 
case and differing from the type normal- 
ly used on the other lines (this has been 
done for example in the case of certain de 
lines in the Modane station on the Paris- _ i 


I. — Maintenance of tracks with 
third rails. 


.On -the Paris - Lyons - Mediterranean 
Railways no work is allowed to be done > 
one the 1500-volt third rail nor to its 
guard without the third rail having pre- 
viously been made dead and earthed. 

The methods prescribed are moreover 
identical with those indicated previous- _ 
ly for the maintenance of overhead lines, 
except that the apparatus used on the — RS 
work to earth the third rails is of a dif- ey 


Railways using a voltage of 600 3 700 we 
volts only, on the other hand, allow light Re 
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rail is under tension. For example in 
the case of urgent small repairs the men 
on the French State Railways can do the 
work without making the third rail dead 
on condition that they wear rubber glo- 
ves, stand on a dry plank, and take care 
not to touch both the third rail and a 
running rail. In the same way the Ita- 
lian State allows certain work such as 
repairs to the insulators, connexions, 
etc., to be carried out without cutting 
_ off the current from the third rail pro- 
vided the men use insulated platforms. 
For other work this railway insists not 
only on the current being cut off but on 
the rails being earthed, whereas the 
French State Railways does not require 
the rails to be earthed after the current 
has been cut off unless it is a question 
of work of some extent. 

In the case of work carried out not to 
the third rail itself but near to it, it is 
not necessary to cut off the current from 
the third rail; the staff should however 
take the necessary precautions to avoid 
any accidental contact and to protect 
themselves by means of shields made of 
planks laid on the third rail. 

The Paris-Lyons-Medilerranean Rail- 
ways, however, only allow work to be 
done under these conditions when the 
guard boards on the 1 500-volt third rail 
are dry and provided additional precau- 
tions given in each case in a special or- 
der are carried out. It is laid down for 
example that before starting work there 
should be placed on each side of it an 
apparatus for earthing the rail, ready for 
use, i. e. with its clamp secured to the 
running rail; moreover a portable tele- 
phone has to be permanently connected 
into the special circuit near the place 
where the work is to be done. The tool 
equipment has to be chécked over be- 
forehand and is to consist only of the 
tools the use of which is authorised on 
_ the electrified lines, that is to say : forks 
and shovels with short sockets, short 
picks and beater picks with the metal 
part less than 0.60 m. (2 feet) long, span- 


ners with wood handles, long keys, the 
top part covered with insulating mate- 
rial. In addition the staff is forbidden 
to leave any metal parts longer than 
0.60 m. (2 feet) near the conductor rails, 
or to walk on the guard board or to 
place anything on it. Before and after 
doing the work, the man in charge calls 
over the staff at a place laid down be- 
forehand; when the work is done he 
makes sure that all the materials and 
tools have been collected. 


J. — Electric locomotives 
and motor coaches. 


It is the general practice on all the 
railways only to provide one man to 
drive a rail motor coach, the driving 
compartment being fitted with the appa- 
ratus known as the «dead mans’ handle» 
which automatically cuts off the current 
and applies the brake in case anything 
goes wrong with the driver, i. e. when 
this latter ceases to press either with his 
hand on the driving handle or with his 
foot on a pedal placed at the base of the 
controller; the Jfalian State has also 
under trial an arrangement to secure the 
same result without obliging the driver 
to press down the hole time on the 
handle or the pedal. 


On certain railways, such as_ the 
French Midi and Italian State, ihe head 
guard also travels in the same place as 
the driver of a rail motor coach; on 
other railways, such as the Paris-Orleans 
and North of Spain, the head guard does 
not travel in the driving compartment 
but immediately next to it in order-to 
be able to watch the conductor and in- 


_tervene in case of urgency; this arran- 


gement is also followed on the Nether- 


lands Railways, with this difference 


however that the head guard has to take 
his place in the driving compartment in 


case of heavy fog or anything going 


wrong with the continuous brake. 
On the other hand electric locomo- 


tives are most often handled by two men 


1 


:* 
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of the locomotive running department : 
an electric locomotive driver and an as- 
sistant. 

On the French State, Midi, Paris-Or- 
leans and Morocco Railways there is a 
tendency however to utilise the head- 
guard in place of the second locomotive 
department man, when driving certain 
trains, especially trains fitted with the 
continuous brake. On the Norwegian 
State Railways electric locomotives haul- 
ing trains fitted with the continuous 
brake are now being driven by a single 
man to a large extent. Finally:the J/ta- 


~ lian State Railways have fitted two of 


their locomotives with the Brown-Boveri 
arrangement for one-man driving: this 
test too is only being made on trains 
fitted with the continuous brake. 

Most of the railways (Paris-Orleans, 
Paris - Lyons - Mediterranean, Algerian 
State, North of Spain, Italian State, Nord- 
Milano) have taken. care _to make it 
impossible to get at the high tension 
equipment of the locomotives by fitting 
shutters or panels of wire netting which 
cannot be opened unless the tension has 


_ previously been cut off. On certain rail- 


ways these panels are fitted with locks, 
the keys of which are interlocked with 
the control gear of the pantograph in 
such a way that the panels cannot be 
opened until the pantographs have been 
lowered and locked in their lowest posi- 
tion; this interlocking is moreover reci- 


procal, i. e. it is not possible to raise the. 


pantograph so long as the panels protec- 


ting the high tension equipment are not 


in place and locked up. 

Like measures have sometimes been 
taken in the case of rail motor coaches 
by arranging the é¢quipment either in a 
special cabin (Nord-Milano and Dutch 
East Indies Railways) or in boxes placed 
under. the frame (Paris-Orleans Rail- 
way), the doors of this cabin or of these 
boxes being interlocked by means of re- 
ciprocal locks with the control of ‘the 
pantograph. The Netherlands Railways 
have found it sufficient to place on the 


See 


roof of the rail motor coaches a main 
switch which can be operated from the 
ground by means of an insulated pole 
and by means of which the staff can cut 
off the current on the whole .of the 
equipment and earth it before getting 
onto it. 


The same care has been shown. by 
certain railways to prevent access to the 
roof of the locomotives as long as the 
pantographs have not been previously 
lowered and locked in this position. In 
this way, on the locomotives.of the Paris- 
Orleans, Paris-Lyons-Mediterranean, Al- 
gerian State lines, and the North of 
Spain, the steps giving access to the roof 
are normally folded up and locked up 
by means of a key which is conjugated 
by reciprocal interlocking with the con- 
trol of the pantograph, following the 
same arrangement as for the protecting 
shutters of the high tension equipment. 

A similar safety device is evidently - 
not applicable to current collecting 
shoes on lines fitted with a third rail; 
in order to avoid'the danger of unex- 
pected contact as far as possible the top 
of the shoes of the locomotives of the 
Paris-Lyons-Mediterranean are protected 
by a large cover of insulated material 


carried by brackets which are earthed. 


Among the parts of the electrical 
equipment likely in certain cases to pre- 


“sent some danger, mention may also be 


made of the high tension connections 
between the vehicles, such as those for 
the electric heating of the coaches. To 
avoid the danger which might occur, 
when coupling or uncoupling such cables 
under tension, some of the railways in- 
terlock the end junction boxes with the 
switch feeding this circuit on the loco- 
motive, by means of reciprocal locks. 
In the case of anything going wrong 
on the open line, requiring an examina- 


tion or a repair to a part of the high 


tension equipment, all railways equipped e 
with overhead lines require the panto- 
graph first of all to be lowered ‘and to | 


\ 


be locked in this position: this opera- 
tion is moreover made materially essen- 
tial on certain railways by the arrange- 
ments of which we have spoken above. 
Several railways, in particular the Paris- 
Orleans, Paris-Lyons and Mediterranean, 
Algerian lines of the State, Morocco 
and the Norwegian State Railways, also 
require, if it is necessary to climb upon 
the roof, that the current must be cut 
off the line beforehand, and then the 
man must protect himself by means of 
the earthing poles provided on the loco- 
motive. 

On the lines of the French State Rail- 
ways fitted with third rails at 650 volts, 
the shoes have to be insulated before any 
inspections’ or repairs are carried out 
on the open line. 

On the Paris - Lyons - Mediterranean 
lines with third rail at 1500 volts, any 
operation on the collector circuit or the 
shoes themselves can only be carried out 
after the current has been cut off and 
after having connected the third rail to 
the running rail by means of the earthing 
gear carried on each locomotive : in case 
of emergency this gear can be used to 
make a complete short circuit between 
the third rail and the running rails and 
thereby throw out the switches of the 
substations or the intermediate stations 
(this possibility is moreover special to 
the gear for earthing the third rail, 
whereas the earthing gear for the over- 
head trolley wires must never be used 
until the current has been cut off by the 
switches of the substations or interme- 
diate stations). 

The locomotives of the Paris-Lyons- 
Mediterranean Company are in addition 
fitted with a pneumatically controlled 
contactor operable from each driver’s 
compartment and by means of which it 
is possible to make a full short circuit 


between the running rails and the third | 


rail, or-the overhead trolley wire in case 
of anything going wrong such as arcing 
starting in the equipment; thanks to this 
earthing contactor it is possible to imme- 


diately stop an are which is insufficient 
to throw out the switches of the substa- 
tion or the intermediate station but 
which if allowed to continue might cause 
serious damage to the locomotive equip- 
ment. 

We will call attention finally to the 
fact that*in order to facilitate the work 
of the locomotive men in case of. any- 
thing going wrong on the journey, most 
of the railways fit these locomotives with 
portable telephones by means of which 
they can get into communication with 
the nearby stations or the substations. 

As a safety measure, the locomotives 
and rail motor coaches are repaired at 
the depots most frequently on tracks not 


fitted with contact lines. 


This is not so in all cases when run- 
ning repairs are being done but the con- 
tact lines (overhead trolley wires or 
third rails) of the tracks set aside for 
these repairs are then fitted with section 
switches by means of which it is pos- 
sible to take the tension off them and to 
earth them before starting the work; on 
certain railways these section switches 
are fitted with optical arrangements 
(discs or lamps) to show that the neces- 
sary steps have been taken. 

In addition to this fundamental pro- 
tection, certain railways require addi- 


tional precautions to be taken, such as 


putting up discs carrying the words: 
« Do not put into service, work being 
done on the engine », — requiring the 
workman to make sure himself that the 
contact lines have been earthed, the pan- 
tographs lowered and the main circuit 
switches are open, etc. 

On the Paris - Lyons - Mediterranean 
Railways the foreman, after having pad- 
locked the section switch of the contact 
line in the open position, hands to each 
man of the gang a check carrying the 
same number as the key padlocking the 
section switch and authorising the work- 
man to work on the track in question: 
after the work has been done the work- 
man hands back the check to the fore- 
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man who should not close the section 
switch until he has made sure that he has 
all the checks marked with the same 
number as the key in his possession. 

Finally in the case of exceptional 
work to be carried out urgently on a 
shed line the contact line of which can- 
not be earthed, the same precautions as 
when dealing with work on the open 
line have to be taken. 


kK, —— Miscellaneous. 


In addition to the usual measures 
taken against fires in the generating sta- 
tions and substations, the railways gen- 
erally fit all their locomotives and elec- 
tric rail coaches with chemical fire ex- 
tinguishers; most frequently these are 
carbon tetrachloride extinguishers and 
in order to make it possible to use them 
under all circumstances without the staff 
being placed in any danger through the 
release of dangerous gases, an _ extin- 
guisher is provided in each driving com- 
partment close to the door. In adition, 
the Paris-Lyons and Mediterranean Com- 
pany provides respirators which are 
carried near each extinguisher. 

The usual method of rendering first 
aid to persons accidentally hurt on the 
railway lines is completed in the case 
of electrified lines by special arrange- 
ments to deal with cases of electrocu- 
tion. 

As in all electrical installations, no- 
tices widely distributed indicate the me- 
thods to be used for artificial respiration 
by the usual methods and especially the 
Schaeffer method. 

. The Paris-Orleans and the Morocco 
Railways, in. addition, have fitted their 
substations, locomotive depots and im- 
portant stations with the Panis appa- 
ratus by means of which artificial respi- 
ration can be given by mechanical 


means. The Paris-Lyons-Mediterranean | 
Railways has even extended the distribu-. 


tion of these appliances to signal boxes 
on the open OEE to level _ crossing 


‘ 


keeper’ s houses and to permanent way 
men’s shelters so that the men of the 
maintenance gangs have always one of 
these equipments near the place of 
work : the Panis equipment has also to 
be taken out to the work if it is a ques- 
tion of carrying out repairs near the 
third rail without cutting off the cur- 
rent. On the Jtalian State Railways in 
the same way, a special stretcher 
designed by Dr. Zumaglini is used to 
vive artificial respiration mechanically. 

The French Midi Company uses in 
addition oxygen inhalors; finally the 
Paris-Orleans and the Paris-Lyons and 
Mediterranean Companies provide in the 
substations, locomotive depots, stations 
and certain signal boxes om open line, 
the necessary equipment for giving ether 
injections. 

In addition to the usual methods of 
communication provided on all railways 
to meet the normal or occasional opera- 
tion needs, electrified lines usually have 
supplementary telephone circuits for 


their special requirements: these supple- 


mentary methods of communication are 
not only provided to make sure that the 
electric service is working regularly by 
accelerating the maintenance operations 
or by making it possible to make good 
the position in the case of anything 


going wrong in any part of the equip- 


ment, but they have many great advan- 
tages in the case of accidents to people. 


In this respect we should point out 
the installation of a direct circuit be- 
tween the power stations, substations and 
the head of the department, — and espe- 
cially the rather widely extended instal- 
lation of a special circuit, sometimes 
known as the relief circuit which con- 


nects up. not only the substations, sta- — 
tions, and the locomotive depots, but 


also certain signal boxes on the open 


lines at very short intervals: as we have 
already shown this emergency circuit iss 
~ sometimes so arranged that the perma- 
nent way and the contact lines mainte- ie 


nance men, as well as the locomotive 


| 


’ 
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and rail motor car men, can easily 1929 1930 
switch their portable telephones on to it. 1. Fatal accidents : 
An installation of this kind obviously a) Railway staff : 
forms one of the best methods for get- Substations..o 2 ee ea 0 
ting help quickly in the case of accidents Electrified lines... 1 0 


to people at any point of the electrified 
line. 


L. — Results obtained. 


In order that the Congress may ap- 
preciate the efficacy of the safety meuas- 
ures taken by the railways on their elec- 
trified lines we asked them to supply as 
detailed accident statistics as possible. 
Most of the railways consulted have only 
given rather brief information, certain 
of them not even replying on this point. 
It therefore appeared interesting to us to 
reproduce first of all the replies of the 
administrations who have been good 
enough to supply detailed statistics and 
then to indicate the more or less sum- 
mary information supplied by the other 
railways: this done we will endeavour 
to bring out certain conclusions. 

The French State which has 254 km. 
(158 miles) of single line electrified in 
the Paris suburbs with third rail at 650 
volts, with an annual traffic of 4 900 900 
tr.-km. (3 044 800° train-miles), forthe 
2 years 1929 and 1930, supplied the fol- 
lowing information relating to the two 
years in question : 


1. Fatal accidents : 


“High tension lines . 
Substations 

Third rail 

Trolley wires . 
Locomotives 


2. Non-fatal accidents : 


High tension lines . 
_ Substations . 
~ Third railee 
Trolley wires . . 
_ Locomotives 


b) Persons not employed by 
the railway : 


Electrified lines 1 0 
Total 3 0 
2. Non-jatal accidents : 
a) Railway staff: 
High tension cables . 1 1 
Substations 0 2 
Electrified lines 0 0 
Driving staff Mat TAte 2 
Depots and shops. . . . . 18 6 
b) Persons not employed by the railway: 
Electrified lines)... «2 > = 13 0 
otal ee, oe 11 


The Paris-Lyons-Mediterranean Com- 
pany, with 266 km. (165 miles) of single 
line electrified with direct current at 
1500 volts, the major part with third 
rail,.and the remainder with overhead 
trolley wire (sidings) has supplied sta- 
tistics from the beginning of electric 
traction on its first section and continu- 
ing until the whole line was put into 
full service. These statistics are given 
in the following form : 


1926 1927 1928 1929- 1931 


(first 
6 months). 
0 
0 
if 
0 
0 


1931 
(first 
6 months). 


1930 


(=i i) 
Sr) SS 
(==) 
pr dias ae 

a) 


0 0 0 


1926 1927 1928 1929 1930 


oorogd 
MoS SO 
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coopnoo 
oruMmoso 
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It is pointed out in addition that the 
fatal accidents which occurred on the 
high tension lines and two of those attri- 
butable to the third rail were not to rail- 
way employees but to workmen em- 
ployed by contractors working for the 
railway; among the non-fatal accidents 
the one due to the overhead line and 
two of those ascribed to the third rai] 
took place under the same conditions; 
finally three of the non-fatal accidents 
due to the third rail were to temporary 
workers in the railway ~maintenance 
gangs, but who were not on the perma- 
nent staff. No accidents due to the elec- 
tric traction equipment occurred to any 
member of the public. ~ 

On its system including 2210 km. 
(1373 miles) of electrified single line 
and on which the, annual train mileage 
in 1929 exceeded 6 210000 miles, the 
Midi Company, in the 2 years 1928 and 
1929, only recorded 6 fatal accidents 


and 11 non-fatal accidents ascribable to. 


the electric traction equipment. 


The North of Spain Railways estimate. 


that there is one fatal accident for every 
2500000 tr.-km. (1553500 train-miles) : 
no fatal accident however occurred to 
people not belonging to the railway. 

In a period of. 5 years, 1926-1927 to 
1930-1931, the Italian State Railways 
have only had 25 serious accidents 24 of 
which were fatal : 20 of these accidents 
were to men employed by the railway 
and 5 only to ssl not in 1 the EaVAY 
service, as follows 


Persons 
not employed 
; Railway by the 
Year staff railway 
DDG DIT ar hy eae eee gee puts 
1927-1928 8 / 4 
1928-1929 2 0 
1929-1930 5 2 
1930-1931 1 rigs 


During this period the length of elec- 
trified single line has grown from 2 132 - 


to 3338 km. (1325 to 2074 miles) and 
the annual distance run by _ electric 
trains has risen from 16 millions km. 
(9942000 miles) in 1926-1927 to 
23 400 000 tr.-km. (14 540 000 tr.-miles) in 
1929-1930 to fall to 22300000 km. 
(13 857 000 miles) in 1930-1931. 

It is moreover due to the rapid exten- 
sion of electrification in certain years 
that the increase in the number of acci- 
dents in 1927-1928 and 1929-1930 was 
due. 

Actually nearly all these accidents 
were due to the manifest carelessness of 
the victims. 

In 2 years of operation, the Nord- 
Milano Railways have had 2 fatal acci- 
dents, one to a workman on the trolley 
wire maintenance gangs and the other 
to a driver: the length of single line 
electrified is 135 km. (84 miles) and the 


annual distance run by the electric 
trains is about 700000 km. (43 500 
miles). - 


Since 1926 the Netherlands ,Railways 
have only recorded one fatal accident 


and 4 non-fatal accidents on a system 


of ‘461 km. (286 miles) of electrified 
single line and an annual distance run 
by -trains of about 
miles). 

~ The Dutch East Indies Railways have 
only had 2-fatal accidents both due to 
carelessness on the part of the men. 

For the year 1929-1930 the number of 
accidents on the Norwegian State Rail- 
ways is only 0.42 per million km. (0.67 
per 1000000 miles) run by electric 
trains, for fatal acidents, and also 0.42 
for non-fatal accidents. 

_ The first indication to be drawn from 
these figures is that the safety measures 
taken by the electrified railways have 
been very efficacious, seeing that very 
few accidents have occurred to the staff 


and that the public is generally comple- 


tely protected from accident. 
The statistics Bees, moreover, ahat the 


a, 


5 millions (3 107 000 - 


* ‘ " 2 : , ‘ 
Wee et hy nae a a nae e TT 
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as : eae Se EVLA esi 

ee position steadily improves as the staff 4th QUESTION. 

; becomes accustomed to the safety mea- \ 

Le sures laid down: it was especially when Résumé to serve as a basis 
electrification started that accidents for the discussion at the Congress. 


were to be feared owing to the lack of 
> experience of the staff; the same remark 
; applies to contractors’ men or to Ia- 
___bourers eae DOr asEly. employed by the 
_~ Yailway. : 
-- We ‘shall never entirely avoid acci- 
dents due to acts of obvious carelessness 
that even the most experienced men 
sometimes commit. - Nevertheless, how- 


eae ht a methodical way . men not yet ac- 


strengthen the permanent way mainte- 
mance gangs on the electrified lines or 
- men» belonging to. contractors working 
for the ecalays, ce 


¥ ever, in order to reduce the number of — 
accidents, steps should be taken to train — 


/ 


~ .customed to the dangers of electrifica-_ 
tion, especially newly recruited staff, 
- such as men temporarily employed to 


a) Measures concerning the public 
safety and that of the staff in general on 
electrified lines. 

b) Measures concerning the safety of 
the staff responsible for the maintenance 
of the overhead trolley wires fitted or 
of lines with a third rail. — 

c) Measures concerning the safety of 
the staff responsible for driving and 
maintaining locomotives and electric rail 
motor cars. 


d) Safety measures affecting steam: 


traction over electrified lines. 

-e) Assistance in case of accidents due 
to electricity. 

-.f) Special supervision to be exercised 


_over workmen not belonging to the per- ; 


manent stall. of the railways. 


Ques- 
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Total length of the system, in kilometres , 
Length of electrified lines, in kilometres . 
Length of single track, in kilometres . 


Length of double track, in kilometres . 


Total length of electrified lines(including secondary lines), in kilom. 


Number and length (in km.) of tunnels electrified . 
Annual train-kilometres (passenger) 
Locomotive-kilometres. (passenger) 

Rail motor coach-kilometres (passenger) . 

Gross ton-kilometres hauled (passenger) . 

Annual train-kilometres (goods) . 
Locomotive-kilometres (goods) . 

Rail motor coach kilometres (goods) . 

Gross ton-kilometres hauled (goods) 

Are you carrying out a programme of electrification ? . 
Extension of your electrification — to what extent ? . 


Number of electric locomotives (passenger) . 


Total weight and adhesive weight of the most powerful tans Serio 


Power of the most powerful type, hourly rating . 
Tractive effort, hourly rating . 


Number of electric locomotives (goods) . 


Total weight and adhesive weight of the most powertel toe. Type. 


Power of the most powerful type, hourly rating . 
Tractive effort, hourly rating . 
Number of rail motor coaches . 


| Total weight and adhesive weight of the most easel ane : 


Power of the most powerful type, hourly uae 
Tractive effort, hourly rating . 


_ Number of electric shunting locomotives , 


Total weight and adhesive weight of the most powerful type. 
Power of the most powerful-type, hourly rating . 
Tractive effort, hourly rating. .-... .%. » 


. locomotives . 
Average annual kilometres run i 
rail motor coaches . 


Are locomotives driven by regular men or are they pooled? . 


(*) This comparatively low figure is due to the fact that the Midi rail motor cars are worked only on bran 
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French State Rys. 
2 


9 064 
111.6 
3.4 
108.2 
254.150 
5.820 
4.878.000 
1321 000 
10 960 000 
1 160 529 257 incl. 618709 000 r. m. 
5 000 
5 000 


= 


2118 625 of which 300000 by loec 
Programme carried out. 
Extensions into suburbs, 

39 
62 640 t. = 
1100 H. P. at motor shaft, 
4400 kgr. at the rim. 
30 out of 39 used for pass. and goo 


183 
“57.5: 
660 H. P, at motor shaft, 
1 400 kgr. at the rim. 


30 locos..under quest. 34 do shunti 
work, ; 


31230 km, ~ 
59 890 — 
Pooled, 


\ 


____ French Midi Rys. Paris-Orleans Rys. Paris-Lyons-Mediterranean Rys. 
ee 3 Bigod 5 | 
: 4290 Bane 812 9 887 
1213 oe 237.5 100.5 
> 1774 . a : te 
< 561 eae 148.5 100.5 
3 2210 970 265.7 
100 — 34.5 Seg a SO 4.25 19°== 4,665 
8 830 063 —~ = -7-374.049 720 000 
Be =. 8 675331 | 5 626 801 870.000 
oe A T66 145 xa 421 7-19% A roi sr 
13 298 909 (weight r. m.c. incl.). | 2944494 400 (incl. vr. m. cars). 218 000 000° 
2 999 307 eS ea <i - 2090-784 600 000 
3 273 562 ese | ~ 2185 283 750 000 
ee e808 AR eS he ao ole ean : ey. 
1688253610 foo 5 SO 18133700 = ee 263000000 = s 
* : Yes. € ar ee a Orleans — Tours. ees No. — " ai 
course 380 km.— - Projected 270 km.| -—-Vierzon, — Brive. Ce te . a | 
ee 10 2026) 30 255 6: ODO a a ey WO i aia eer oa San eaa 
+. — 57 t.(2 02). S ce Sula Bee sue ee De —2D-2.. A 159 Fs =e 107.4 ts < 5.G. +0, 2 | 
] pote ees AO HEP bo 5.240 kw. at the vim, — ale - 5340 LP. ‘at the rim, | 
TP: at the xim.5| 12000 kgr. | . ee Be i oe eo | 18000 gr. at a rim. | | 
Bue ess ar “| 1. — BB. = ae 1282 t, — 103.9, —16,4+6,1 7 


ames ceviie pee ee: 2.450 HP. ais eer 
= . | _ 18600 ker. at the rim, | 
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V—166. : 
Ques- Ra ‘French State Rys.  _ 
tions. ‘ rm 
Whe = 25 
48 | Are rail motor coaches driven by regular men or are they pooled ? . [> Pooled, 
49 | By what number of men are the locomotives manned ?.... . 1 or 2 according to locos. 
50 | Number of locomotives driven by one man. . ...... =. one 
51 | By what number of men are the rail motor coaches manned ?. . . Ls te 
52 | Total number of men for locomotives and rail motor coaches . 142 
oo-| Numberok men per locomotor ai a ba ae ere ae eer ot Sav 
54 | Total number of men for the same traffic when worked by steam. . “ 
-55 | Number of steam locomotives for covering the same traffic. . . Saree 
56 | Corresponding number of men for steam locomotives. . . . . . 4.4 3 
- 57 | Annual costs of maintenance of the electric locomotives. . . . ; 0.5872 fr. without general charges, 
lubrication and fixed. charges f 
i ; woe ? per km, run. 
58 | Annual costs of maintenance of the rail motor coaches. . . . . | 0. 6745 fr. without general char; 
CAR ey. ubrication an 
lubricati d fixed charg 
; 1 - per km. run. 
l 59 | Annual Beate of maintenance of steam locomotives for an equivalent 2.64/ tes rs oe 
< Heese fay tratiicn: = eM; ge 
. ~ 6U | Percentage of time of service of the available Seite locomotives. : d 80.9% sa ie 
| 64 | Percentage of time of service of the available rail motor coaches. | 2 BS See 
= - |i 62 | Percentage of time of service of steam locomotives available . Bee ie Ise 7 = TS ocr ea 
| 63 | Renewal fund for steam or electric logommotilis se te Nita ace BY oo SEMe, ¢ seen 
|} 64], Annual, pias See to ee be of the reserve fund . a heen, ‘Varying annual credit 


: or Hand coal (acho) ; 


<< 1761 
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3 French Midi Rys.. Paris-Orleans Rys. Paris-Lyons-Mediterranean Rys. 
i ' 3 eo a “i= 5 
Pooled, ; : Pooled, . "e | 
2 é ; 2 Bah i : ae 
eee Noes, a = 18 0 

_- 2 — head guard in place 1 driver, 1 traffic man. - - 

~ of assistant driver. . 1 = 
o .;) 662 ipa Otenee 381 eases 114 - ie ¥ 
2.34 (stock 1930: 282). Se eee Qe 3.1 - 

Pee aes ; Bae i827 Bee 140 

‘ i Seen BOd ase : 65° | : 

cas hae Sate sas Rae Bice seas 25 j 

SS . Se. e t High speed locos: 1.176 fr. — 0.838 fr. par km, run — without 
a : : | BB: 1.094 (without interest nor | interest nor amortization, | (Sees 

1.14 fr. per train-km., without __ amortization per km, run. as eae © 
interest nor amortization. wig: O8)S(8ia veep alee oat Bee ia th oS mie eee 


per trainkm. © | % 002. Re Ne aetags Bes 
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V—168 
Ques- a French State Rys. 
tions. ; 
1 2 
78 | Carriage rate per ton and per kilometre, . .). «+ % 4). .’. Variable according to railway _ 
run over, 
74 Average costs per Jocomopive driver 2.) o0meks Museau ean 1 340 fr. per month, — 
1260 fr. (assistant) . 
-- St Seder ies Ane ee ees eee a ae 
75 — <= > vagsietant: 2) Ao: p satis teste eee eens 2 rs res 1025 fr. 
76 -- = \for ainskilledMlabourcsary eeaeniaae ra poe see ; 860 fr. i 
77 | Available energy, in kilowatt-hours, peranmum. i Outside gen. stations. « — 
Maximum available power inskw. . 2 - we ew ee ee 20.000 
Power produced by your generating stations . . . . . .. . ; 4" 
- --| Power produced by other companies. ... --. 0. - 4 «+ + 9 : 
78] Number of traction substations ~~. . 59.9. t. ee 13 
79 | Average distance between substations. . . . . 2. eee : a km. tm 
é || - 80 | Power, in kw.-h. per annum, required for traction . . . . . . 43 805, 501 H. Tat en E of subs bsti 
Maximum power in kilowatts, required for traction. . .-. . .- : 16 000: 
841 | Power, in kw.-h., consumed per train-kilometre: P he Sees: ST 61 
82 power: in kw. -h. -, consumed per 1 000 tkm. hauled 2 acti: “43.9 — 32. Hee! heating and 
a | 83 | Price are energy, per Sd ae at the point of supply to the_f = 0.517 fr. x an a 


ry POS eae Spe. 
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V—169 


French Midi Rys. 
3 


15 fr., increase 570 % (domestic). 


slow speed tariff 7.107, mcrease 
, 370% + 5% commercial duty. 


25 606 fr. 


19 737 fr. 


50:0 900-000 
100 000 
340 000000 (gen. stations). 


49 
22 km. 


(104 675 000 (leaving substation). 
40.000 
8.84 


29.20 
0.15 fr. 
0.12 fr: 


0.10 fr. 
Three-phase, 50 cycles p. s. 
60000 v. 


te 
1500 v. 
(trolley wire). 


Standard : 
In stations: 5m. 500 
Minimum: 4m. 650 


0.250 m, 


6m. 000 


0.300 m. 
(exceptionally 0.200 m.). 


Paris-Orleans Rys. 


4 


On other systems, 
slow speed tariff 7.107. 


35 670 fr, 


27 940 fr. 
21 430 fr. 


95 000 000 
120 000 000 
11 


Paris area: 15 km. 
Outside: 25 km. 


L.-T., entry to substat: 106 500 000 
IFS Ak — 25 000 


At motors: 9.1 
At substat., UG. T.: 17.2 


At motors: 17.1 
At substat., b-T.: 21. 


Additional energy : 0.24 fr. L. T. 
at entry to substations. 


Three-phase 50 cycles p. s. 
90 000 v. 


IDEA, 
1 500 v. 
(trolley wire). 


Standard: 5.500 m. 
Minimum: 4.600 m. 
Exceptionally : 4.430 m. 


0.200 m. 


0.150 m. 


Cost price on own system 0.075 per tkm, 


Paris-Lyons-Mediterranean Rys. 


o 


0.185 


Pay rate per hour: 9.846 fr. 


-= 11.299 fr. 
— VAsy i apis 
— 6.488 fr. 


Outside gen. stations. 


6 


Level country: 23 km. 
Mountains : 12 km. 
27 000 000 
8 500 
20.4 
56.3 


0.32 fr., including capital 
and operating charges, 


0.20 fr., including capital 
and operating charges, 


Oa esveattes ot baa 


Three-phase 50 cycles p. s. 
42 000 v. 


DESC 


500. v. 
(Svd rail and overhead contact line 
as accessory. ) 


Standard : 


0.300 .m, 
(exceptionally: 0.250 m.). 


0.200 m. 


0.050 m., 


.250 m. 
Except for the insertion of a creosoted 
or paraffined wood packing. 


V—170 
Ques- Algerian State Rys. 
tions. aor ; 
] 6 
4 | Total length of the system, in kilometres... . . . .. +. - |. 35 oo 
2 | Length of electrified lines, in kilometres. . . . . ..- .- > etn ES 
3 | Length -of single trackani kilometres rs Gi eae os ee SF : 110.5 
4.) Length: of-double track, in kilometres. 9.09.) 1 5 “55 2 .+ >. os 
7 | Total length of electrified lines(including secondary lines), in kilom. 137 _ 
8 | Number and length (in km.) of tunnels aig tage aM ae aS 16 — Fairy 
9 | Annual train-kilometres (passenger) . . . . - - . 1 +e os + 
10 Locomotive-kilometres. RDRBRCD OT it nin Wane Sele aay cle om = ary 7 
' Rail motor coach-kilometres (passenger). . . . . - - + + Sa ae 
| 41 | Gross ton-kilometres hauled (Passenger) Paes eae ee WC as fe ‘ % 
42 ema ‘saihinlanetnes: (dade). rg ie ep EE ot cS ; ‘ 
He Ass - Locomotive- kilometres (goods). . = BUS NN egies ka hae oe : aa a 
Rail ‘motor coach- kilometres (goods). SE ee eeek eeweens ae <! —e + 
44 |. Gross ton-kilometres hauled (goods) . . . . . . . s ee ae 
_ || 26 |. Are you carrying out a programme of electrification Sigh geet ene S of eS oe 
fs 27 |. Extension of your electrification — to what extent ire ye a af Bone — Duvivier (55 km.). 
30 | Number of electric locomotives (passenger) tare ee en al eee tn eS 


| Total weight and adhesive weight of the most powerful type. apie 


82 Sieg of the ost pereett) type, hourly, oe 


Morocco Rys. 


382 
2 — 2.2, 
1 963 417 (elect, and steam). 
832 159 
397 752 
965 926 500 (elect. and steam). 


idi el Aidi — Marrakech (190 km.), 


557 km. 
5 
70.8 t, — BB. 
17340 H.-P. 
6 960 ker. 
21 
80t. — B+ B. 
deA5 ORE. 
11 200 ker. 
10 
66 t. — B+ B. 
A010) is heed 2 
3 280 ker. 
None. 


886 240 km. 
419,736 — 
Pooled. 
Pooled. 


IxX—5 


aia 


North of Spain Rys. 
8 


3 814 
386.5 
217 
169.5 
716 
53.929 
3 729 448 
1 930 000 
3.127 641 


173 — 


636 525 497 (trains with rail motor cars 


counted as 70 %). 
1 630 849 
1 861 363 


597 957 879 


12 
145 t. — 96 t. — 2C,+C, 2. 
3240 H. P. at the rim. 
15 600 kgr-at 56 km./h, 
56 
102 6; Ces G;: 
2280 H: P. at the rim. 
19 500 ker. at 31 km./h., 
38 
66 t. 
920 EiePs 


4 230 ker. at the rim (50 km./h.). 


None. 


516.27 km. (average). 
80 950 — — 
According to the sections, 
Pooled. 


Italian State Rys, 
9 


16 850 

1 645 

835 

812 

3375 

382 — 201.6 
14 458 241 
15 414 966 
1530 831 


Locos. 8 367 096 600 (pass.+ goods). 
1, {4{RV m.ic. 117 995 900 


8 909 486 
11 820 887 


See No. 11. 
Yes. 
183+377 km. 
208 
1—_4—_1— 94 t. —- 67 t. 
2200 kw. (shaft). 
14 000 kgr, at 50 km:/h. (rim). 
273 
0—5—6 — 77 t. 

2000 kw. (shaft). 
14000 kgr. at 50 km./h. (rim). 
32 
52 t. 

550 kw. 

2 800 ker. at 60 km./h, (rim). 

P 
0—5—0. 63 t, 
1 500 kw. at the shaft. 

7 500 ker. at 25-km./h. (rim). 
H. sp. 65.340 — L: sp. 39 057. 
47 833 
Usually 2 sets of men per loco. 


2 men, 


V—172 
Ques- Algerian State Rys. 
tions. S 
rT 6 
49 | By what number of men are the locomotives manned ?. . . . . on 
50 | Number of locomotives driven by one man. ....... - ; oe 
54 | By what number of men are the rail motor coaches manned ?. . . ot 
52 | Total number of men for locomotives and rail motor coaches. . . ot ; 
53 | Number of men per locomotor. . . . . So ee mas s 
54 | Total number of men for the same traffic a worked by steam. . tee 
55 | Number of steam locomotives for covering the same traffic. . . = 
56 | Corresponding number of men for steam locomotives. . . . . . =e 
57 | Annual costs of maintenance of the electric locomotives. . . . . Jo. Samos i 
P a 
| 58 | Annual costs of maintenance of the rail motor coaches. . . es os F 
BO ot Annual costs of maintenance of steam locomotives for an equivalent ; +o 
tse eee). atrattre. : exe : 4 
Percentage of time of service of the available electric locomotives. ; o 
Percentage of time of service of the available rail motor coaches. aoe 
Percentage of time of service of steam locomotives available A a : oo Z 
2 Renewal fund for steam or electric locomotives. 1 Fa ey tyes RP be is “a et * 
Annual sums placed to the credit of the reserve fund . ae Pa ret. ? . 
Do these sums constitute an amortisation fund or do dees carry ie “pia : 
feos interest 7 ; : Soe - ae : 
; e. | Fuel available for the iccomobines Pa Ese ai gio cgh.: 5, ze coe Boe 


: | price delivered Ty the ‘railway ris ts 
| Har coat (athe) == ab-the depot . .... Sua Pa 
aS c aeoiemaaele oi Pe 
done 1 the ead be cate 


Morocco Rys. ie North of Spain Rys. Italian State Rys. 


7 ; 9 
i driver, 1 assistant or head guard. Ree? 1 driver and 1 assistant. | 
i aoe As 0 : 2 
a 1 driver, 'I+1 traffic man. 1 driver. 
ti Ge 297 | 1970 
noe alt 3.6 
Reduction 20 %. 540 2 425 
1 elect. loco. = 2 steam locos. a BelOd5= 3 735 
es te Os ; ER ean vg 
4 = Le 2 
fr. 545 per engine-km, without - 0.3085 peseta per train-km: 1.286 lire per loco. lm., not including | 
general charges nor lubrication. cleaning nor lubrication, interest and | 
: Sane r: & z amortisation. in ites 
see Pipa ieee 0.9375 peseta. 1.5886 14>) do: “a 
3 BO tosh es Passengers: 47%. — Goods: 36.3%. | 36% (max. 44%)? : 
t & 3% be ee rece: ~ 82.8% pees ee ms aie grass i) eae 
ft © 25 s%" = Se | | Passengers: 29 %. — Goods: 32. 2%. | . 28. 6% yo fe 
The reserve fund has no special z Noo = ona 2% of receipts set aside for purchase Ae 
account uo amortisation. ey Ree ee aCe as Seep “of new rolling stock, | - 
Base it sha ; Ss hey" we awe Lo ie ts ee _ Amortisation’ in 30 years at ; 5 eee 
Bie a Se atte wal pes MOMMnan ye cn ence ~ Simple amortisation. ons eet ee 
~ : ites ee - ie ‘ a A woe ‘ | x r a 
- Prench priate, ee | Slack, cobhies, sneened, ees ae sGerman coal pris) and Bog | ts 
; Be Jardifi Bical . : : Wee = 


Ques- 
tions. 


78 
19 
80 


81 
82 
83 


85 


~ 444 
5 Ms 


‘Kind of traction current . 


419 | 


Maximum. available power inkw. 27) 8 2 0) oe 


Power produced by your generating stations . . . . 


Power produced by other ‘companies. ono fe kei ts en. 
Number of traction substations... . . ... . 

Average distance between substations. . . . ... - 

Power, in kw.-h. per annum, required for traction . .-. . . - 
Maximum power in kilowatts, required for traction. . . . . . 
Power, in kw.-h., consumed per traindidlomrgtre..s . oa 
Power, in kw.-h., ‘consumed perl 000stkam” hauled 2°20 9s 2. 


Price of energy, per kw.-h., at the point of supply to the 
contact line. 


Price -of energy, per ee on othe primary H, Tr. side of the 
- substations. 


Price of energy, per kw.-h., H. T.; at your power stations onreeee 
Average price of kw.-h. purchased from outside sources. . . . 
High tension current for feeding the traction substations. . . . 


~ 


Algerian State Rys. 
5 k 


Le eet ede ft, ade 


3 Morocco Rys. 
= 
. 
| 3 x ore 
e lh 
ee 60: ‘kem! 
18 440 184 _ 
cite «13.579 
24 to 30 
Pe: ; “0.88 
{ee 0,444 
| 23s Par 
| Bi 5 
a = =) eee 


es 000 v. = Pajares ee 
a 500 to 1 Le v. for Cu lines — 


J ne 


North of Spain Rys. 


8 


2 300, 6000, 12000 kw. according 


to sections. 


16 — 
23 km, 


77 635 531 at entry to substation H.T. 


See ne 77 — 
14.35 * 
57.88 * 

0.0936 peseta, 


0.0796 — See 


Pe 
vee 


_. &-phase 50 cycles. — 
21-000 to: 31-000 v. 


arn a 


— 


\ 


Italian State Rys. 
oe 


182 000 kw. 


20 km, : 
376 000 000 - 
140000 
= 16/ 
45 . 


23 centas. 


i Some 


Sephase 1 16 2/3 oydes. 
60°000) Ves at tee 
|Except for the latest, eloctrifications. 


sort suhae: 16 2/3 cycles. ~~ =" i pte 
: 3700 v. (trolley wire). R|| Pecacetee 
Trial on one line, 3-phase, 45 waite 
‘Trial on a second line, 
. C., 5000 ae 


Ques- 
tions. 


1 
2 
3 
4 
alt 
8 
9 


10 


11 


12 
13 


“44 
26 
ah 


34) 


32 


ab 23 


; 35 | 
36 | 


~ Total length of the system, in. kilometres . 


Length of electrified lines, in kilometres . 
Length of single track, in kilometres , 
Length of double track, in kilometres . 


Total length of electrified lines(including secondary lines), in kilom, 


Number and length (in km.) of tunnels electrified . 
Annual train-kilometres (passenger) . 
Locomotive-kilometres (passenger) 

Rail motor. coach-kilometres (passenger) : 

Gross ‘ton-kilometres hauled (passenger) . 


Annual train-kilometres (goods) . 


Locomotive-kilometres (goods). . . . . Ne Ao Spee ees 


Rail motor coach-kilometres (goods). 

Gross ton-kilometres hauled (goods) 

Are you carrying out a programme of electrification ? . a 
Extension of your electrification — to what extent ?. 

Number of electric locomotives (passenger) : 


Total weight and adhesive weight of the most powerful type. type, 


| Power of the. most powerful type; hourly rating . 


= Beanie: effort, hourly PRUNE Fo) Fi sy nips 
Number of electric locomotives ene 


ee weight and adhesive weight of the most Cpaeoeal ‘ie. ype 


gee of the “most powerful type, mrve naling. 


Nord-Milano Ry. 


10 


691 330 


78 664 


7 


be : 1171 
V—-A77 


Be Ar pe ont SS ton 


Norwegian State Rys. 
14 


Netherlands: Rys. - Hutch East Indies Rys. Steiantys 
: - p 


é ; ae BS 3 467 

. 184_ 44—165—128—8—57} 195 - 

os laa 43 2 35 

e461 * ~ 200 | | | 360 ESS 

Pee aye . tee . baie. 

4913816 1650 000 eee a | 1550000. ‘| 

mont > 620 000 : "2 1:620.000 557 Sa at 

13-625 963 _ 1.030 000 . . ei pe 


Bees cars? 817 515780 > 220 000 000 
ailers: 565754299 =| 2 


| Sie aasaes ed Se BO 000 2S _ 812 000 
cr 00 000 1 060 000 


as, Sf Bertani tet 15 000 000s cents ear aah es 


inte 
1 
, 


ae iE: = eg taceree |i a ES |S 8 timeasol 20 iad) 27 Ion ot «he eee 

ener, earn pS ee ee “seh es ah, <| i SR Oe ae ae nf ee 

Sot aeseeieieeegr ens 10 t. — 52 t.— 1A, AA. AL eer ete 66.8 t SO BAB of a Wee ee 
i eee 1410 kw. at the rim. aE 1.400 HL, P, at the rim, : 


BaD et cat 65 a aces He 8.700 ker. 
ae pak A 1 he 
136 t. — 102 t. 10401 ic 

Fes at the vim. 


Nord-Milano Ry,. 


10 
49 | By what number of men are the locomotives manned ?. . . . - 4 
50 | Number of locomotives driven by one man. . . .. ++. . 0 
51 | By what number of men are the rail motor coaches manned ?. . . 2 : 
52 | Total number of men for locomotives and rail motor coaches. . . 34 3 
53 | Number ofmen per locomotor... 45: a) sais: Meeeie mcs : ZA‘ 
é 54 | Total number of men for the same traffic when worked by steam. . ; on. : 
55 | Number of steam locomotives for covering the same traffic. . . 1 elect. loco. = 1.5 to 2 steam 
56 | Corresponding number of men for steam locomotives. . . . . . os 
57 | Annual costs of maintenance of the electric locomotives. . . . . 0.948 lira per useful train-km ES 
58 | Annual costs of pikintenanes of the rail motor coaches. . . . . = ‘ ati = 
| 759. nae costs of maintenance of steam locomotives for an equivalent | _ 2.77 lire per useful train-km. 
raffic. b > \ SS. 
i - 60 | Percentage of time of service of the available legis locomotives. oo aaa 
: 61 Percentage of time of service of the available rail motor coaches. rege 
| 62] Percentage of time of service of steam locemotives available. . , 3322 : 
63 | Renewal fund for steam or electric locomotives. . . .. .. . a SPAS a 
: i ‘ 64 | Annual sums placed to the credit of the reserve iT (e DS eR =e : 


~ a = Pe ae ~ a 


Do- ee sums constitute an amortisation ene or do any Cory. 4 
interest 2 . ; f 


A Bees t178 


V—179 : 
fr Netherlands Rys. Dutch East Indies Rys. Stat Norwegian State Rys. “i : 
Ss an 2 1B ciel d | 


: : + er : mr: 29 kgr. as a mean, not includ- 
|= ae Ny ees - ing shop on charges. | 
v2 % res - sePaenss ? vee é se 
0.13 fl. per ee ag oo ae 
hout interest, amortisation, 3 wee Te ' Re 
Poney al of shops. = : 
oe 00%. ine zt ; SSF anaes ; epee eee > 


0: 214% 
iS 1/4%; Moers o, 
mas “of purchase price. Je 


I 


t 


" “ ry writ 
Subse etal viding eget ytd ee Leal, 


ATTA 
vV—180 


Ques- 


| tions. 


77 


78 
79 
80 


84 
82 
83 


a 
aoe 
85 | 


M44 | 


Available energy, in kilowatt-hours, per annum 
Maximum ayailable power in kw. 


Power produced by your generating stations 
Power produced by other companies. . . . 


Number of traction substations . 

Average distance between substations . 

Power, in kw.-h. per annum, required for Peseta é 
Maximum power in kilowatts, required for traction . 


\ Power, in kw.-h., consumed per train-kilometre . ge oe 
‘Power, in kw.-h., consumed per 1 000 tkm. hauled 


Price of energy, per kw.-h., at the point of supply ie the 
contact line. ~ 


Price of energy, per ea -h., on the primary H. T. side of the 
substations. , 


X 


~ 


ay 


_ Average price of kw.-h. purchased from outside sources. . . . 
Ba tension penrek for feeding the traction substations . bese 


Price of energ ee IL A ay your power stations Pred . 


Nord-Milano Ry. 
10 


af 
35 km, 
10 000.000 entry to substation. — 


7.448 to 9.422 


Using a per half year, 

Using 1800 h. per half year 
13.9 ct. 

bg eee 


Netherlands Rys. 
ll 


Outside gen. stations. 


The Hague: 11 000 kw. 
15 min. 
Rotterdam: 2 500 kw. 
5 min. 


stations. 
14 
7 to 17.5 km. 


Amsterdam : 4949 
The Hague: 7555 kw. 
Rotterdam: 2 379 


1 hour. 
10 
35 


0.374 fl. (power stations). 


5-phase, 50 cycles p. s. 
5 000, 10 000, 50000 vy. 


DaG: 
1 500 -v. 
- (Trolley wire). 


Standard: 5.50 m 
Minimum: 4.86 m. 


0.210 m. 


0.150 m. 


3400000 measured at power 


measured at power station. 


Dutch East Indies Rys. 
12 


Outside gen. stations. 
11 000 kw. 


4 
13 km. 
10 000 000 


3-phase, 50 cycles p. s. 
70 000 yv. 


DeCy 
1500 v, 
(Trolley wire). 
Standard: 5 m. 


Maximum: 5,90 m. 
Minimum: 4.20 m. 


0.40 m, 


0.30 m, 


Swedish 
State Rys. 
13 


Norwegian State Rys. 


14 


6 


50 000 000 (at contact line). 


Single-phase 16 2/3 cycles p. s. 

(15 cycles for Ofot lines). 
60 000 v. 

(80 000 volts for Ofot lines). 


Single-phase p. s. 16 2/3 cycles 
(15 cycles p. s, for Ofot lines). 
15000 v. 


Trolley wire. 
Standard: 5:50 to 6 m. 
Minimum: 4.80 m. 
0.50 m. 


0.300 m. 


No data. 
——————— Lp —e———E 


- . 4 re 
* ? < 
cs 
F s oa 
vf 
- Md . 


, 
4. 


[ 686. 212.6 & 686. 295 ] 


INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


_ 


XIIth SESSION (CAIRO, 1933). 


QUESTION VIII: 
Organisation for carrying small consignments of goods 
and the most suitable methods for their delivery with 
the least delay. Use and selection of fixed and mechanical 
transhipping plants. 


REPORT No. 3 
(America, Great Britain, Dominions and Colonies, China and Japan), 


by E. MINSART, 


Engineer, Belgian National Railway Company. 


Introduction. 


The parcels traffic is an important 
one, not only from a commercial aspect 
but also from the point of view of work- 
ing it. It is true that the ratio of the 
weight carried to the total weight of 
general goods is rather low (2 to 5 %). 
The parcels, however, are conveyed at 
high rates (4 to 5 times those for full 
wagon loads and even more in some 
instances) and the corresponding re- 
ceipts are far from being negligible. 
Furthermore, road motor services com- 
pete very severely with the railways in 
this field. Consequently the railways 
have to make special endeavours to meet 
the needs of the public and, as this result 
has to be obtained without excessive ex- 
penditure, the task is very difficult, 
particularly so, seeing that the greater 
part of the traffic is eomposed of many 
small consignments to different destina- 
tions. ; 


IX—6 


In the countries with which this re- 
port deals the situation frequently dif- 
fers from that usually met with on the 
European continent, as regards both the 
terminology used and the methods appli- 
ed when dealing with parcels traffic. 

In Great Britain parcels are carried 
either by passenger train or by goods 
train. The expression « parcels traf- 
fic » is used for goods carried by pas- 
senger train. The goods are usually 
sent by passenger train when the con- 
signor asks for fast transport and for. 
this service a higher rate is charged. 
When the weight of the consignment 
does not exceed 150 to 200 kgr. (330 to 
440 Ib.) the rates follow a scale applied 
to small lots and the consignment is sent 
by goods train. There is consequently 
only one class of parcels traffic con- 
veyed by goods train. 

On the Canadian National Railways 
the term « parcel » is used to describe 
an express consignment. The consign- 
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ments of express parcels are sent by 
passenger train. The term « shipment » 
is used when dealing with a consign- 
ment of goods and this traffic is sent 
by ordinary or fast goods train. Here 
again there is only one class of traffic 
carried by goods train. 

Most of the Companies in the United 
States of America have an agreement 
with an express parcels company known 
as the « Railway Express Company » 
which undertakes all express parcels 
traffic. The « parcels » generally do not 
exceed in weight 50 kgr. (110 lb.) and 
the traffic is sent exclusively by pas- 
senger train. The ordinary parcels 
traffic includes all consignments to 
which the rates for less than full truck 
loads in the standard goods classifica- 
tion are applied and is worked by goods 
train. ; 

In most other countries by « parcels » 
is understood consignments sent by pas- 
-senger train, or in certain cases by ex- 
press parcels trains and _ charged 
accordingly. This is an express traffic 
although it be considered in certain 
countries as ordinary parcels traffic for 
the reason that there is but one class of 
parcels traffic (by passenger train). On 
these railways, however, the goods traf- 
fic includes consignments offered in 
quantities less than the truck load, 
handled and forwarded in conformity 
with the regulations and rates in force. 


The result of the above is that we have 
to consider 2 classes of parcels traffic, 
1.26.32 


1. Parcels traffic by passenger train, which 
is known as express parcels traffic on the 
European continent; b 


2. Parcels traffic carried by goods trains. 


As many points are common to both 
the express and the ordinary traffic, it 
has seemed desirable, in order to shorten 
the report, to treat the two together; 
when necessary the traffic more parti- 
cularly in view will be mentioned. 

In drawing up this report, the order 


of the detailed questionnaire submitted 
to the Railway Companies has been fol- 
lowed. 


Preliminary questions. 


Parcels handed in for conveyance by 
fast train are generally forwarded by 
passenger trains and rated accordingly. 
In nearly all cases there is a weight 
limit, varying from 100 to 250 kgr. (220 
to 550 lb.) and also in some cases limits 
as to dimensions and volume. Loading 
and unloading are carried out by the 
railway staff. Some railways will not 
accept inflammable or dangerous mater- 
ials. One railway system doubles the 
rates for bulky materials, 
loading and unloading of goods exceed- 
ing the maximum weight are carried out 
by the consignor and the consignee res- 
pectively; this applies especially to 
fruit, milk, vegetables, and other farm 
products. 

The traffic of ordinary parcels in- 
cludes all packages, bales, cases, bundles, 
parts, etc., conveyed under the rates 
conditions applicable to less than truck 
loads. None of the replies received men- 
tion any limit of weight. In England 
and Ireland however the goods trains 
convey small consignments not exceeding 
150, and 150 to 200 kgr. (330 and 330 to 
440 lb.) in weight and charged accord- 
ing to a scale known as « smalls ». 

The express parcels traffic is gener- 


ally worked by passenger train and the 


ordinary parcels traffic by goods train. 

The traffic is generally sent by the 
first train available and on most of the 
railway systems considered the period 
in which the consignment will be con- 
veyed to destination is not guaranteed; 


the time taken depends entirely upon the — 


destination. Several Companies point 


out that the train times are published, | 


and that these give the time in which 
the consignment will be delivered, these 
times being regularly kept. The other 


Companies undertake to give a suitable 
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service and to convey all consignments 
within a reasonable period. When the 
normal period is exceeded or in those 
cases when the times are published, if 
these are not kept, the railways is res- 
ponsible for any loss in value of the 
goods, without however being obliged to 
meet claims for other damages. 

The reasons which make necessary 
an organisation which can convey the 
parcels as quickly as possible are: the 
obligation falling on the railway as a 
public service to carry all traffic offer- 
ed; legal requirements; in certain coun- 
tries the fast conveyance of perishable 
materials, but more generally the finan- 
cial operation of the undertaking and 
the putting into operation of a fast serv- 
ice with a view to retaining the custom- 
ers and to meet road competition. 


Acceptance of traffic. 


Cartage service. — A cartage service 
exists in many countries in the large 
towns, either for express traffic only or 
for both. This service belongs to the 
companies and is worked by them, or 
leased to contractors. In the United 
States of America the whole of the ex- 
press parcels traffic is worked by the 
« American Railway Express Company ». 
This Company organises the collection 
and the delivery of parcels by motor ve- 
hicles, and also their conveyance from 


- one point to another. 


Usually the area in which such par- 
cels are collected is laid down. The 
service is covered by regular turns, fixed 
so as to bring the goods to the dispatch- 
ing stations in time for the trains by 


which they will be sent away. A prac- 


tice to be mentioned is that of sending 


the cartage vehicles every day to re- 


gular consignors. ’ 

One railway points out that in many 
rural districts whatever the traffic offer- 
ed may be, there are regular daily serv- 


‘ices for collecting traffic and delivering 


it, radiating round a main station, stop- 


ping at the small stations in their area 
and collecting therefrom every parcel 
handed in for conveyance by passenger 
train. If the traffic can be conveyed 
more rapidly thereby, the lorries also 
deliver to the stations in their area every 
express parcel that they have been able 
to collect for dispatch by rail. The ra- 
mifications of these collecting and del- 
ivering services attached to a main sta- 
tion are being progressively extended 
and the final objective is to make them 
into a network covering all the rural dis- 
tricts throughout the part of the country 
served by the railway and connecting up 
the towns and villages not served by rail. 


Parcels receiving offices. — Receiving 
offices for goods are provided in different 
parts of the large cities by many of the 
railways for the express parcels traffic, 
and also, though less frequently, for the 
ordinary goods traffic. The parcels are 


_accepted during hours the offices are 


open and steps are taken to cart the 
goods to the railway station at frequent 
intervals in good time for them to be 
forwarded by the booked trains. This 
organisation is a facility provided for 
the convenience of the public and in 
certain cases aims at fighting the road 
competition. It does not offer any ad- 
vantage as regards the speed of convey- 
ance. 

With the same object, certain large 
centres have town stations connected by 
rail or by lorry to the central station. 
These stations enable very close contact 
to be made with the consignors of goods 
and the consignees. In the United States 
the terminal companies operate such ter- 
minal stations situated in different parts 
of certain industrial cities where ordin- 
ary consignments for all the railway sys- 


tems serving the community in question 


are accepted. The goods are then sent 


to the forwarding station either by rail- 


way or by road. The use of motor lor- 
ries is extending rapidly for the reason 
that they save about 24 hours at the de-. 
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parture end. Under these conditions, the 
town stations are no different from re- 
ceiving offices and give the same ad- 
vantages. 


Loading. — Consignments are gen- 
erally accepted at the goods shed or par- 
cels office and are loaded into wagons 
by the railway staff. There are excep- 
tions in the case of articles which either 
by reason of their dimensions or their 
weight cannot be handled by the station 
equipment; loading into the wagons then 
falls upon the consignor. Certain goods, 
such as fish, fruit, meat, flowers, and 
farm products, conveyed in large quan- 
tities, are loaded directly into the wa- 
gons under the supervision of the rail- 
way staff, In this case a reduced rate 
is often applied. The advantage of direct 
loading lies in the reduction of staff and 
also avoids claims being made for dam- 
ages during conveyance and during load- 
ing and unloading. 


Days on which traffic is accepted, — 
Express parcels are usually accepted 
every day for all destinations, Sundays 
included, with few exceptions. Ordin- 
ary traffic is as a rule only accepted on 
weekdays. 

One Company reports that it gave up 
the practice of the grouping and for- 
warding consignments for certain des- 
tinations on certain fixed days some 
years ago. S 

The Kenya and Uganda Railways and 
Harbours accept small parcels for goods 
trains on certain days only at important 
centres. The advantages are : reduction 
in the warehousing charges and in the 
responsibility of looking after the goods, 
with a better utilisation of the rolling 
stock. 


Hours at which parcels are accepted. 
— Express parcels are accepted by cer- 
tain Companies during the hours the 
small stations and offices are open and 
at the large stations during the whole 
of the 24 hours. The hours during which 


they are accepted are laid down in most 
cases. In the small stations parcels traf- 
fic is only accepted during certain hours, 
or whilst the stations are open, or when 
some clerical staff is on duty, or accord- 
ing to the times the trains are calling. 

Ordinary parcels are only accepted 
during the day, between certain stated 
hours, with exceptions on Saturday on 
certain railways. 


Receiving formalities. — The railway 
is obliged in certain countries to weigh 
the parcels; the consignor does not have 
to state the weight. If it is stated, the 
weight is checked unless the consignor 
(in the United States) has entered into 
a duly executed contract, in accordance 
with which the stated weight is accept- 
ed, or if periodical checks show that the 
weights declared by the consignor are 
exact. In cases where weighing by the 
railway is not obligatory it is nonethe- 
less general practice for it to be done. 
A charge for weighing is made by cer- 
tain companies when this work is done. 

The consignor is generally called 
upon to label each parcel, with certain 
exceptions (in England especially) for 
consignments consisting of a large num- _ 
ber of parcels sent by one consignor to 
a single consignee. The labels should 
give the name and address of the consig- 
nor and ofthe consignee, or the latter 
alone. 

Some companies attach a destination 
label to each parcel; others do not think 
it necessary to do so. Destination labels 
are more generally used for express traf- 
fic than for ordinary traffic. Labels of 
different colours are used to distinguish 
parcels conveyed carriage forward from 
those sent carriage paid. Labels bearing 
the number of the corresponding way- 
bill are also used. 

Consignments carriage forward are 
accepted more generally in the case of 
ordinary traffic than of express traffic. 
Perishable or dangerous goods and those 
the value of which is less than the car- 
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riage charges are not accepted carriage 
forward. In the case of all consignments 
for stations where there is no cashier 
(United States) carriage must be pre- 
paid at the dispatching station. 

The waybills are prepared immediate- 
ly after the goods have been accepted 
or are made out after the wagons have 
been loaded. The charges are paid by 
stamps on several Companies for con- 
signments up to a certain weight, sent 
by passenger train; in this case no way- 
bill is used. 

The waybills or other papers either 
actually accompany the goods to destina- 
tion or are sent in advance by passen- 
ger train or by post, if this will make it 
possible for them to be received before 
the goods, 

The consignor should hand in with 
the goods a document which may be the 
waybill properly speaking in the case 
of certain Companies, or a declaration 
(bill of lading, shipping order). 

In order to accelerate the operations 
the consignors prepare the waybills in 
manifold in sufficient number for a 
copy to be signed and returned to them 
as an acknowledgement of receipt. If 
the forwarding note or the loading sheet 
is used, the original is signed and hand- 
ed to the consignor, and a duplicate 
(carbon copy) is retained by the rail- 
way and this document is used to show 
the charges, and in the preparation of 
the waybill. Certain stations on the Bal- 
timore and Ohio Railroad Company use 
what is known as fan-fold bills, combin- 
ing the waybill, advice to the consignee, 
the acknowledgement of receipt, receipt 
of payment, etc., all these documents 
being filled in at one writing by means 
of carbon paper by the forwarding sta- 
tion. 
other Companies. - 

The waybill when handed in by the 
consignor, or the consignment note, can 
be used in connection with the oper- 
ations of loading the goods, 
~ As special measures for simplifying 


Similar methods are also used by > 


the operations when receiving parcels, 
Wwe may mention. the, weighing machines 
automatically recording the weight and 
the « agreements as to weighing » to 
which we referred above. 


General organisation for forwarding 
parcels. 


On the railways of the countries with 
which this report deals, express parcels 
are conveyed by passenger trains, in the 
brake vans or luggage vans, provided 
according to requirements, In certain 
cases, special parcels trains are run to 
deal with seasonal traffic. Speed is the 
first consideration and in most cases the 
question of the use made of the rolling 
stock does not arise. Many Companies 
give a door to door service, either by 
means of a cartage service, worked by 
themselves or contracted out, or through 
an express parcels Company. 

The ordinary parcels traffic, although 
sent by goodstrains also requires a fast 
service. 

Speed and regularity are the impor- 
tant factors to be considered in this 
traffic, but the proper utilisation of the 
rolling stock should also receive the 
most careful attention. 

Generally speaking every station holds 
instructions dealing with the loading of 
wagons for all destinations. A certain 
number of regular wagons of different 
classes (according to the destination or 
destinations of the parcels loaded) are 
run each day. These regular wagons or 
scheduled wagons, are provided accord- 


-ing to the traffic and so as to ensure 


through wagons being worked to the 
greatest possible extent. The most gen- 
erally applied principle is to load the 
goods to the point nearest their destin- 
ation when it is possible to load through 
to destination. 

On the large railway systems there are 
as a rule not more than two tranship- 
ments. This occurs in the case of a con- 
signment collected~ at an intermediate 
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station by a pick-up wagon, carried to 
a suitable tranship station and conveyed 
therefrom by a through wagon to the 
transhipment station near the destina- 
tion. 

Steps have been taken to conciliate 
the two factors mentioned above: the 
speed and the utilisation of the rolling 
stock. Periodical returns are prepared 
giving the number of wagons forwarded 
and the average weight conveyed per 
wagon, for each regular wagon. When 
the tonnage of a wagon begins tto fall the 
programme is reconsidered; in other 
cases, the analysis of the reports shows 
whether a through wagon can be pro- 
vided. 


Loading goods. 
Wagons for parcels traffic. 


Express parcels are generally loaded 
- as soon as possible, seeing that they are 
forwarded by the first suitable train. 
The loading is subordinated to the train 
departure times and the consignments 
are grouped together by destination 
whenever possible. On the Great Indian 
Peninsula Railway, where the parcels 


are forwarded by special trains known © 
as « parcel expresses » the parcels are. 


loaded at the end of the day, in order 
to group the consignments according to 
route. The advantages are : better load- 
ing of the wagons, less chance of the 
parcels going astray, quicker transit, 
less handling en route, The disadvan- 
tages are: 
offices with restricted accommodation 
and heavy traffic, opportunities for theft, 
and possibilities of damage to the goods. 

Parcels conveyed by goods train are 
generally loaded into the wagons as soon 
as possible after they have been handed 
in by the consignors. The advantages 
of this arrangement are: the congestion 
of the reception platforms during the 
last hours of the day is avoided when 
the greater part of the goods are receiv- 
ed and better use is made of the labour 


congestion of the parcels _ 


goods loaded at a station where there is — 


by spreading the loading operations over 
the longest possible period. 

On the Baltimore and Ohio Reilroad, 
forwardings by through wagons predo- 
minate and immediate loading is neces- 
sary in order to keep the reception piat- 
forms clear for the acceptance cf goods. 
Consignments to be off loaded by the 
staff of local trains should be arranged 
in the wagons in station order and gen- 
erally it is not possible to load them 
in this way until the whole of the goods 
have been received. 

The South African Railways and Har- 
bours and the Kenya and Uganda Rail- 
ways and Harbours ordinarily load up 
at the end of the afternoon. The advan- 
tages are: a good use is made of the 
wagons and the road wagons and trains 
wisely chosen. In addition the consign- 
ments can be loaded in station order ac- 
cording to the route to be followed. 

Ordinary parcels are generally for- 
warded the day received. 

Ordinary parcels are not as a rule 
loaded during the night, nor on Sundays 
and holidays. This does not interfere 
with the flow of the traffic as on many 
of the railways the stations are not open 
for the reception of goods on Sundays 
and no traffic is offered. Night loading 
is considered as unsatisfactory. 

There are 4 main classes of wagons — 
conveying traffic in less than full truck 
loads : ~ 


1. pick up wagons; 

2. route wagons or distributing wagons; 

3. wagons for single destination or through 
wagons; % t 

4. tranship or through tranship wagons. 


The pick up wagons are used to. col- | 
lect consignments along the line and to 
convey them to the tranship points. 

The route wagons or distributor wa- 
gons are used to bring the goods to the 
intermediate stations in a given area. 

Single destination wagons contain 
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y 
sufficient traffic for a single station and 
these wagons are sent through towards 
this destination. 

The tranship wagons contain goods 
to be sent to a tranship station. 

The use made of these classes of wa- 
gons varies more or less from one rail- 
Way system to another. Wagons can 
be at the same time distributing wagons 
and pick up wagons; classes 1) and 2) 
are then combined together under the 
name of local way cars. 

A local way car can be loaded at the 
original station to a station close to the 
area to be served, or it can be loaded 
at a station far away, possibly hundreds 
of miles, from the area to be served. In 
this latter case, it is called a transfer 
car on certain railways. 

Single destination wagons can contain 
goods for one destination alone or, in 
addition for the place to which it is dis- 
patched, for destinations before or after 
this point. 

The collector wagons and the route 
wagons are worked in goods trains con- 
currently with full load wagons. Single 


_ destination wagons and through tran- 


ship wagons are dispatched as a rule on 
fast goods trains or on goods trains 
made up to full load. 

On certain railways the waybills are 
sent with the wagon in which the goods 
are loaded. In other cases this rule is 
only applied when the route wagons are 
in question: with the through wagons a 
wagon waybill on which is entered the 
number, destination, tonnage, the way- 
bills properly speaking of the goods be- 
ing sent beforehand to the unloading 
point. 

There are regular or authorised or 
booked wagons in each class; there are 
many hundreds of them each day (4 255 
on the Pennsylvania Railroad). The re- 
gular wagons run every day without any 
minimum tonnage being specified. 

The stations are authorised and en- 
couraged to make up special, extra, or 
non-scheduled wagons when the volume 


of traffic justifies it. These special wa- 
gons can be put into any one of the 
classes given above. They are forwarded 
on the same trains as the regular wa- 
gons. 

On many railways, the use of special 
wagons is left to the forwarding sta- 
tions. Other systems require a minimum 
tonnage, but the decision frequently de- 
pends upon circumstances such as the 
direction of the traffic, the destination 
of the wagons, and the nature of the 
goods. 

The advantages obtained by using spe- 
cial wagons are: manual operations at 
the tranship stations are made unneces- 
sary, the shunting of the wagons en route _ 
is reduced and in addition the traffic is 
speeded up. 

Express parcels are forwarded the 
same day as received by the first suit- 
able train. Exceptions are allowed by 
certain Companies when by holding the 
consignments for a following train, they 
can get to their destination at. a more 
suitable hour for dealing with them 
without increasing the delivery period. 

The forwarding is sometimes fixed in 
accordance with the train service shown 
in the working time tables. In certain 
cases (Central Argentine Railway) as in 
the case of trains running long distances, 
the express services are limited to cer- 
tain stated week days. 

Most of the important stations have 
the necessary facilities for forwarding 
ordinary parcels the same day as re- 
ceived and they are sent away by the 
first train by which such parcels are 
conveyed. 

On the Canadian National Railways 
some stations are allowed to hold back 
the consignment when long distance wa- 
gons are being loaded in order to get 
better loading. On several other rail- 
ways stations can utilise heavy consign- 
ments weighing~as much as say 2500 
kgr. (5500 Ib.) as the nucleus for a 


through wagon or a. transhipment-dis- 


tributing wagon; these wagons are for- 
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warded the following day, with the total 
load obtained, The advantages are: 


1. the additional day held at the for- 
warding station, in any case would have 
been lost at the transhipment point; 

2. the additional tonnage collected has 
gained 24 hours. 


The loading of express parcels in the 
brake vans of the trains (guard’s van) 
is the general practice on many rail- 
ways. In the United States of America, 
the express parcels forwarded by the 
Railway Express Company are loaded in 
regular parcels wagons of the railway 
provided according to need, and du- 
plicated by express wagons specially 
fitted with fixed cupboards. The ordin- 
ary parcels are conveyed by goods 
trains. 


As regards the way in which a station 


decides if it should load a wagon for | 


one designation, the method in use on 
the Pennsylvania Railroad may be de- 
scribed here. Each station has precise 
instructions indicating into which regu- 
lar wagon the consignments for each 
destination are to be loaded. The wa- 
gons are marked by a « spot » (situa- 
tion) number showing the place at 
which the wagon to be forwarded by 
the station is to be found. The reference 
numbers are shown on a diagram of the 
sidings. One or more employees are 
responsible for writing the « spot » 
numbers on the waybill relating to each 
parcel when handed in by the consig- 
nors. If a consignment for a destination 
involving one tranship amounts to about 
3600 kgr. (8000 lb.) the « spot » em- 
ployee will load a non-authorised wagon 
for the destination and mark the for- 
warding order accordingly. The suppo- 
sition is made that an additional load 
will offer itself during the day and will 
justify with the nucleus of 8000 Ib., 
loading a through wagon. If however, 
the additional load expected is not of- 
fered, the wagon is forwarded none the 
less. 


The American Companies do not label 
léss than truck load wagons other than 
those containing inflammable or explo- 
sive materials. In England, labels are 
used to show the receiving stations the 
number of parcels to be unloaded by 
them. The South African Railways and 
Harbours use different patterns of wa- 
gon labels : one label for wagons loaded 
to destination and another label for 
tranship wagons. These last give the 
names of the different stations for which 
there are goods in the wagons. In this 
way the work at the different stations is 
facilitated, and the label also helps the 
guard in getting the goods unloaded at 
the intermediate stops. 


The extra work falling on the tran- 
ship stations during the periods of heavy 
parcels traffic is covered by additional 
staff, or by working extra hours, or dur- 
ing the week end. 


Another method is to make a still 
more careful analysis of the consign- 
ments at the originating point in order 
to group together additional consign- 
ments in order to form further through 
loads, either for a single destination, or 
for a tranship station serving the desti- 
nation. 

On most of the railways the rates are 
based on the shortest route; but on some 
railways the traffic may be diverted to 
other routes traced out so as to make 
use of the through wagons running be- 
tween the tranship stations; the object 
is to speed up the traffic and to avoid 
unnecessary handling at the interme- 
diate points, 

The parcels are loaded and unloaded 
by the railway company’s staff on most 
railways. This method is considered to 
be more profitable than that of oir 
ing contractors to do this work. 


The supervision is better and the par- 
cels are handled more rapidly and at 
less cost.. Two Companies load and un- | 
load parcels in the big stations with - 
labour supplied by contractors, but 
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under the 
staff. 
Wooden cases are used by the Amer- 
ican Express Company on all the lines 
in the United States, to group together 
the consignments of small parcels. This 
method makes the handling of the par- 
cels cheaper and diminishes the risk of 
losses and damage. Several Companies 
are making use of « containers » in the 
Jess than full car load traffic. On differ- 
ent parts of the Pennsylvania Railroad a 
service of « containers » has been organ- 
ised as between stations, for the con- 
veyance of parcels. The inside dimen- 
sions and the loading capacity of these 
steel containers are the following : 


Length, 2 m. 10 (6 ft. 11 in.) 
Width, 2 m. 72 (8 ft. 11 in.) 
Height, 2 m. 60 (7 ft. 6 in.) 
Capacity, 5 436 kgr. (12 000 lb.) 
Tare weight, 1359 kgr. (3 000 Ib.) 


supervision of the station 


Figure 1, dealing with the containers’ 
tranship station at South Kearny shows 
the type of containers in use. 


The containers are loaded in sets of five 
on a flat wagon. At the loading stations 
there are five containers loaded on each 
wagon, each for a certain destination. This 
wagon with five containers is worked to a 
tranship station into which other wagons also 


work, each wagon with its five containers © 


having been forwarded from other centres; 
the containers are regrouped in each wagon 


and each wagon leaves the tranship station - 


with five containers for the same destination. 

This method of dealing with the less than 
truck load traffic gets the traffic away more 
quickly than the usual method of using 
covered wagons: it saves the cost of handling 
at the tranship points, avoids running wagons 
lightly loaded and makes it possible to load 
directly to destination in smaller quantities 
‘than would be possible to do economically 
by loading into covered wagons. The sole 
drawback is that individual consignments 
which exceed the capacity of the container 
have to be forwarded in wagons and this in 
certain cases may delay the goods because 


the wagon must be sent through a tranship 
station. 


In important towns served by several 
railway stations, the arrival of goods 
forwarded by the different lines is 
speeded up by forming through wagons 
for the different goods stations. 

The same method applies in the oppo- 
site direction for traffic being loaded 
away. Some Companies use motor lor-> 
ries to exchange goods between the dif- 
ferent stations in order to accelerate the 
despatches and the arrivals by the dif- 
ferent routes. These lorries generally 
make regular trips and also convey spe- 
cial traffic as needed. 

When there are several small stations 
and one large central station in the same 
area, the traffic for the small stations is 
worked into the large station, and carted 
by lorries to the destination station. 

The cartage service is operated by the 
Company or by a reliable firm on its 
behalf, on the basis, for example, of a 
fixed price per ton. 

Special measures are not often neces- 
sary to speed up the conveyance of par- 
cels over short distances. Forwarding 


-by passenger trains which ordinarily 


are not allowed to be used for this serv- 
ice, is one method of which use is some- 
times made. 

The road competition is also fought 
by organising the train service so as to 
be able to work the goods forward by 
night. 

In England, motor vehicles are used 
to cover the first and last stages of the 
working, the intermediate parts being 
done by rail. The Great Northern Rail- 
way (Ireland) considers it necessary in 
certain cases to convey the short-dis- 
tance traffic direct by motor lorries, and 
it is possible that this method of oper- 
ation will be extended further in_ the 
future. The Federated Malay States Rail- 
ways use motor lorries for conveyance 
between stations not directly tomnected. 
by elle 
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Fig. 4. — Containers tranship station at South Kearny, a 
Pennsylvania Railroad (U.S. A.). 


Motor lorries are employed by one though not by all passenger trains, and 
Company in station-to-station service by mixed trains, The trains that are ex- 
along the line in replacement of the cepted are the suburban trains, as these 
local trains that were formerly worked follow one another at close intervals, and 
‘ in that area. certain « Limited Expresses ». On many — 
railways the parcels are conveyed in ex- © t 
press wagons and all passengers trains : 


_ do not convey such wagons, the volume 
- _ Express parcels traffic.~-In the coun- of the traffic not necessitating this mea- 


Trains by which parcels wagons 
z are forwarded. 


tries dealt with in this report, express sure. In cases in which the number of _ Ay 
parcels are sent by passenger trains, wagons is such that the allowed weight . 
: ~ ; re i ae 


~ ‘ ~ 


_ speaking, 
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of a passenger train is exceeded, special 
trains are formed for the express parcels 
traffic, and are run at passenger train 
speed. Some Railways work regular par- 
cels trains and newspaper trains, on 
which passengers -are not carried, but 
are solely reserved for the traffic for 
which they were provided. These trains 
are run at passenger train speed (Eng- 
land) or if parcels trains, at a slightly 
lower speed. 


Ordinary parcels traffic. — Practically 
trains for conveying parcels 
traffic only, are run nowhere. The 
through goods and local goods ‘trains 
convey at one and the same time traffic 
forwarded in full and less than full car 
loads. The parcels traffic is generally 
not heavy enough to justify special par- 
cels trains involving additional expen- 
diture. Parcels vans from one terminal 
station to another are attached to through 
trains. : 

The local trains are not often run at 
night, as at most of the small stations 
no staff is on duty during the night. 
When possible, some of the local trains 
conveying parcels traffic are run during 
the night. This is done to avoid inter- 
ference with the passenger trains during 
the day and to get an accelerated serv- 
ice for both the car load and less than 
car load traffics. ’ 

The speed varies within wide limits 
according as it is a case of branch lines 
or main lines and of local trains or 
through-trains, from 9 miles per hour 
(local trains) to 40 and 50 miles an hour 
(through trains). 

The wagons containing parcels are 
preferably grouped near the engine to 
avoid shunting in the marshalling yards. 
Some railways place them in the rear of 
the train when there are platforms 
alongside the main lines in the stations 
at which the train stops. 

The men working on the trains con- 
veying parcels traffic are not as a rule 


specialised; they also deal with other 


trains. 


Specialisation is sometimes introduced 
in the case of the staff of local goods 
trains. 

The staff of the local trains are pro- 
vided in most cases with a waybill for 
each consignment. The through wagons 
are treated in the same way, or are ac- 
companied by a wagon waybill only giv- 
ing the destination of the wagon and a 
summary of the true waybills. 

Loading and unloading at the inter- 
mediate stations is carried out by the 
train staff or by the station staff or in 
most instances by both. 

The services are generally combined 
in such a way as to make it unnecessary 
for any parcels to be transferred as be- 
tween train employees. 


The consignments are handed over by 
the train staff to the destination station 
staff on many of the main railways by 
simply checking the parcels against the 
waybills which have been sent in, and 
this applies to all goods. Special arran- 
gements are made by certain railways 
for handing over « declared value » par- 
cels, or the like, for which a signature 
is required. 


The actual handing over of the par- 
cels in the stations has been simplified 
by doing away with all unnecessary 
writing and the parcels for intermediate 
stations are grouped together and loaded 
in the wagons in station order, in order 
to facilitate quick unloading, 


Transhipment at intermediate stations. 


Express parcels alone are transhipped 
at intermediate stations while the trains 
are stopped; most often these are par- 
cels which have to be transferred from 
the main line trains to the branch line 
trains and vice-versa. The work is car- 
ried out by the station staff. i 


Tranship stations. 


Tranship stations which must not be 
confounded with the shunting yards, do 
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not as a rule work 24 hours a day. The 
working hours are from 7 or 8 a.m. to 
4 or 5 p.m. In certain important stations, 
the work commences early in the morn- 
ing, or finishes late in the evening, the 
hours of duty of the men being spread 
over accordingly. These periods of 
duty are based on the expected times 
of arrival of the trains during the night 
and the first hours of the morning. 
Night work is done at certain stations 
where the wagons arrive late in the day. 
It is not thought to be economical to 
carry out the transhipment of goods 
during the night. Sometimes the work 
is carried on with a reduced staff dur- 
ing Sundays and holidays. The express 
parcels traffic is transhipped on week 
days and on Sundays. 

The transhipment of goods is carried 
out by the railway staff and not by con- 
tractors. (Express parcels handed over 
to the American Express Parcels Com- 


pany are transhipped by its own men» 


who are entirely employed by their own 
company in the large stations. In the 
small stations, a railway employee work- 
ing part of his time for the Express 
Company handles the Company’s tran- 
shipments. ) 

The men are grouped into gangs, one 
gang usually consisting of three men, a 
checker and two loaders. In addition 
there is a small number of loaders who 
look after the loading of the goods into 
the wagons on the departure side, and 
help in the work, 

A head foreman and one or more 
foremen supervise the work. 

Some railways have a premium system 
applicable to the transhipment of goods. 
The men working ina gang receive a 
premium in addition to their regular 
wages when they have handled more 
than a fixed number of tons, The 
premium is based upon actual figures 
recorded giving the tonnage tranship- 
ped per man per hour at each station 
concerned, and the wages paid at the 
normal rate. 


The premium is applied to all tonnage 
transhipped above the fixed minimum. 

There are mainly two types of tran- 
ship stations: 

1. a certain number of tracks, up to 
8 or 10 are arranged with a platform 
between two pairs of tracks (three plat- 
forms for eight tracks). In addition 
there are one or two outside platforms 
for goods arriving and leaving, when 
the station is also a goods station; 

2. one single large platform is provid- 
ed with four or five tracks on each 
side. 


The platforms are lighted almost al- 
ways by overhead electric lamps. and 
the inside of the wagons is lighted if 
need be by portable electric lights with 
flexible leads from plugging-in points 
placed at suitable positions. 

Most of the Companies work on the 
principle of transhipping the goods from 
one wagon into another, without off- 
loading the contents on to the platforms. 
It is not considered advisable from the 
point of view of economy and quickness 
of unloading, to unload the goods from 
the wagons onto the platforms, and sub- 
sequently to reload them therefrom. By 
transferring the parcels directly from 
wagon to wagon, the platforms are kept 
clear so that the goods may be handled 
rapidly. 

According to information supplied by 
the South African Railways and Har-_ 
bours, the other method (to offload the 
parcels onto the platforms and then re- 


group them for reloading)~is to be pre- 


ferred in order to get : a) more through 
loads; b) better tonnage per wagon. 
The first method tends to increase the 
station loadings to tranship stations and 
thereby to slow down the conveyance. 
In addition, at the tranship stations, 
the wagons are received without the 
parcels having been sorted. 

The tranship stations forward all 
classes of wagons (route wagons, 
through wagons, tranship wagons); the 


a 


a o 


ss 
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wagons are sent away once a day at 
the end of the day’s work or sometimes 
twice a day according to the nature 
of the operations. 

The number of times the wagons ure 
brought to the platforms depends upon 
the hour of arrival of the wagon at the 
station, of the speed of unloading, and 
the local conditions. 

It is customary however, to place all 
the available wagons at the station he- 
fore the loaders come on duty. The 
wagons arriving later in the day have 
to be placed at the ends of the tracks, 
or, in some stations, a second shunt is 
made during the mid-day hour, 

The usual method employed to bring 
the wagons to the platforms and take 
away the loaded and empty wagons, is 
to use shunting engines, 

The method of working used on the 
Delaware and Hudson Railroad is the 
following. The station is of the first 
type mentioned above; it has 8 tracks 
numbered 1 to 8. The loaded wagons 
are placed on the outside lines 1 and 2, 
7 and 8. 

The empty wagons stand on the inside 
lines numbered 3, 4, 5 and 6. : 

At the beginning of the day’s work, 
all the gangs are set to work on the 
wagons on tracks 1 and 2, and the con- 
tents are transferred into the wagons 
on tracks 3, 4,5, and 6. 

When the wagons on tracks 1 and 2 
have heen dealt with, the gangs are sent 
to tracks 7 and 8 and work in the 
same way, transhipping the contents of 


- the wagons on the outside tracks into 


wagons on the inside tracks, whilst the 
shunting engine removes the empty 
wagons or reloaded wagons from tracks 
1 and 2, and fills up these tracks with 
further loaded wagons. 

The gang continues to work alterna- 
tively on tracks 1 and 2, 7 and 8, and 
again on 1 and 2, and so on. The 
shunting engine removes the wagons 
dealt with from the two outside tracks 
while work continues on the two other 


outside tracks. This method makes it 
possible to carry out the tranship work 
without interruption. 

The method of the Reading Company 
(second type of station) consists in pla- 
cing the wagons as soon as they are 
received or soon after, on the tracks 
known as the circulation lines. 

These lines are the ones running along 
the centre platform on each side. From 
these wagons the goods are transhipped 
into the wagons placed on the other 
tracks on which tracks are to be found 
the empty wagons for the different des- 
tinations following a standard program- 
me, the same place being assigned each 
day to each destination. 

In many tranship stations care is 
taken to load the wagons in the order 
in which they will be formed in the 
trains in order to reduce operations in 
the shunting yard. These stations work 
to a programme drawn up beforehand. 
The wagons put alongside the platform 
are designated by a_ situation number 
giving the track and the position of the 
wagon on the track. The employee res- 
ponsible for the clerical work enters on 
each waybill the position number of the 
wagon in which the goods are to be 
loaded. As soon as the waybills of an 
inwards wagon have been entered up 
they are handed over to the gang who 
then have simply to tranship the goods 
in the wagons in accordance with the 
numbers inscribed on the waybills. 

The classification clerk or the fore- 
man decide into which wagon each con- 
signment is to be loaded and this work 
is done in accordance with the waybills. 


From time to time during the day | 


through wagons may be loaded, the deci- 
sion to do so being governed by the 
volume of traffic and other considera- 
tions of a general order. Large consign- 
ments are used to form the nuclei round 


which to load supplementary through 


wagons to single destinations, or to 
another tranship station. 
The time consignments of parcels re- 
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main at a tranship station varies con- 
siderably. An endeavour is made to get 
the traffic away the day it arrives. It is 
generally accepted that the transhipment 
of a consignment delays the delivery of 
the goods by one day. 


Unloading parcels, 
Advice of arrival. 


As a general rule at the intermediate 


stations the parcels are offloaded during 
the time the train stops. Two railways 
report that they have given up the prac- 
tice of working wagons with loads for 
two stations or wagons to be detached 
at each station with the inevitable delay 
it causes. The stations are not author- 
ised to withold wagons. 

It is found better to use an additional 
wagon which can be detached and in 
which the available space remaining is 
used for parcels for small stations and 
for parcels to be unloaded en route. 

At terminal stations, express parcels 
are unloaded immediately. 

The ordinary parcels arriving during 
the night or the early hours of the morn- 
ing are placed in the apeus shed for 
delivery about 7 or 8 a. m.; the wagons 
arriving later are unloaded: before mid- 
day. 

Preference is 
goods. 

The unloading of ordinary parcels is 
not usually done on Sundays and _ holi- 
days. 

The goods are Raciaal in most cases 
in accordance with the waybills; no lists 
are drawn up. In some tranship stations 
lists are drawn up beforehand for the 
use of the men who have to deal with 
the wagons on arrival. In the large sta- 
tions the waybills are frequently re- 
ceived before the wagons arrive; the 
invoices and arrival advice notes are 
prepared beforehand and one carbon 
paper copy of the invoice is used for 
unloading purposes, The Pennsylvania 
Railroad employs a combined form 


“ 


given to perishable 


‘have 


which includes the waybill, the invoice, 
the receipt, the arrival advice note, a 
copy of the waybill and a copy of the 
invoice; the form is filled up at the for- 
warding station. The four first docu- 
ments are sent direct to the agent at the 
destination station if the consignment is 
sent in a through wagon; the waybill 
accompanies the goods if these are to be 
transhipped. 


The consignees are advised by an ar- 
rival advice note sent by post, by porter 
or by telephone. The advice is not sent 
in the case of carted goods. In some 
countries (Argentine) no official advice 
is sent, the consignor receiving a copy . 
of the waybill which he is expected to 
send on to the consignee. 

Arrival advice notices are sent as soon 
as possible after the arrival of the wa- e 
gons, or after the parcels have been 
unloaded. 

At stations where there is a cartage 
service, a signature is required on the 
carman’s parcel delivery sheet for every ~ 
consignment delivered to the consignee: _ 
when the latter takes delivery at thé sta- 
tion his signature is required on the in- 
voice. ; 

A large proportion of the parcels is 
delivered on the day of arrival, this pro- . 
portion being 70 % in the large cities 
with a regular cartage service. In most 
cases the remainder is delivered the 
next day. 

Certain Companies have concluded 
arrangements with consignee firms who 
vehicles available at the goods 
sheds to remove their parcels imme- 
diately they are off loaded. As another 
way of speeding up operations, some 
consignees have an accredited carting 
agent to look after their goods and all 
the invoices for the firms dealt with by— 
one carting agent are grouped together — oF 
ready to be handed to the carman when — 
he presents himself. _ ‘ 

A certain free period i is allowed to the ~ 
consignee by many of the Companies, in oe > 
which to remove his goods from the 
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unloading platforms. After this period 
has expired the Company reserves the 
right to levy warehouse charges. 

Many Companies have, if only in the 
large cities, a cartage service, for deliv- 
ering parcels to the consignees, organ- 
ised on the same lines as that for col- 
lecting parcels from the consignors. 

Contracts are also entered into with 
cartage agents to collect and_ deliver 
goods to domicile. These measures are 
taken to meet road competition. 


Parcels traffic from or to private 
sidings. 


Certain Companies only undertake to 
work traffic on private sidings in full 
truck loads. On many railways, the 


owners of private sidings can receive 


and despatch parcels traffic subject to 
the condition of a certain minimum 
weight per wagon; this minimum limit 
of weight varies considerably; it de- 
pends in some cases upon the class of 
goods conveyed and upon the district in 
which the firm’s premises are situated. 
When the load is less than the minimum 
stipulated, an additional charge per wa- 
gon is made above the normal rate. 

The goods in these wagons are check- 
ed in the goods stations under which 
the private siding comes or aot a given 
tranship station. 


checking parcels traffic. 


The parcels are not generally checked 
in any way during conveyance: no 
record is made during their journey. 
These measures are considered as un- 
necessary; the traffic can move freely 


_without any hindrance. 


Fixed mechanical equipment 
for handling parcels traffic. 


Two- and four-wheeled trucks are the 
two appliances most used in the des- 


patching and intermediate stations. Two 
wheeled hand trucks with nose pieces 


are also used. 


At the tranship stations, and in goods 
stations, hand trucks predominate. In 
some cases electric or petrol tractors 
with four-wheeled trailers are used with 
advantage. Hand trucking is generally 
the most economical. Tractors and trail- 
ers are used to do the work when the 
length of the run justifies it. Some trac- 
tors are built so that they can be run into 
the wagons; usually, they do not enter 
them, but take the four-wheeled trucks 
to the door of the wagon into which the 
trucks are then pushed by hand. 

To manipulate heavy loads, some com- 
panies use fixed or travelling hand- 
operated cranes and also platform lift 
trucks. 

Steel containers are used by the Penn- 
sylvania Railroad (see page 1786). The 
cost of the transhipment at the exchange 
station is approximately ($ 0.25) per 
container. 

When two- wheeled hand trucks are 
used at the forwarding, transhipping and 
destination stations for ‘handling con- 
signments, the cost is from §$ 0.50 to 
$ 0.80 per ton. 

The average capacity of the contain- 
ers is 6 tons. 

The average load is about 3 tons per 
container and at the average approxi- 
mate price of $ 0.80 per ton, the cost of 
hauling the parcels by hand would 
amount to $ 2.40, which must be com- 
pared with the price of $ 0.25 per con- 
tainer when handled by overhead crane. 


Summary. | 


_ The following points appear to be the 
ones on which the discussion by the 
third section of the Congress can be 
based : 


1. Carting services in the large towns, 
for the collection and delivery of par- 
cels, owned and operated by the rail- 
ways or their concessionaires, are to be 
recommended. The formalities for ac- 
cepting and delivering goods should be 
reduced as much as possible. 
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2. Parcels receiving offices can be 
organised in the large towns for the con- 
venience of the Public and to meet road 
competition. 


3. Ordinary parcels traffic should be 
accepted every day, Sundays excepted, 
for all destinations. 

Loading and unloading by the consi- 
gnor and the consignee respectively, is 
recommended in the case of certain traf- 
fics, when if need be, a reduced scale of 
rates can de applied. 


4. Speed is the prime consideration in 
organising the parcels traffic. The util- 
isation of the rolling stock should also 
be considered attentively. The two fac- 
tors can be conciliated by a periodical 
examination of the returns showing the 
average weight carried per+wagon for 
each regular wagon. 


5. The general rule is to forward the 
consignments the same day that they are 
received (ordinary traffic). 

It is recommended that consignments 
be loaded into wagons as soon as pos- 
sible after being handed over by the con- 
signors. 


6. From several points of view, it is 
an advantage to provide special wagons. 
The condition of minimum tonnage, 
when laid down, should only be applied 
with some tolerance, and after taking 


into account the circumstances such as 
the direction of the traffic, the destina- 
tion of the wagons, and the nature of 
the goods. 


7. The competition of the road motor 
transport can be met by using road mo- 
tor vehicles at both ends of the rail jour- 
ney and by conveying short-distance 
traffic by road direct. 


8. It is recommended that goods trains 
including local trains be run during the 
night when possible in order to prevent 
mixing them up with passenger trains 
during the day, and to obtain a faster 
service for both full truck load traffic 
and parcels traffic. 


9, The best method at the tranship sta- 
tions consists in transhipping the goods 
from wagon. to wagon, without offload- 
ing onto the platform. The work should 
be organised as far as possible so. that 
it is continuous. Many tranship stations 
work to a programme drawn up before- 
hand, and every effort is made to load 
the wagons piaced according to the 
order of formation of the train. 


10. It is generally considered unneces- 
sary to check the parcels during transik; 
no entry is recorded between the points 


of origin and destination. 
Namur (Belgium), April 1932. 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION. 


—_ 


XII™ SESSION (CAIRO, 1933). 


QUESTION XII: 


Co-ordination of operation as between heavy 
' and light railways. 


REPORT No. 2 


(All countries, except the Continent of Europe), 


by Mohamed SOBHI ISHAK Effendi, 


Inspector and Secretary, Light Railway Commission, Egypt. 


The present report sums up the replies 
received from fourteen Administrations. 
As the replies have been — generally 
speaking —— very brief and not very 
precise, we have not been able to treat 
the subject in as great detail as we 
would have wished. 


Most of the replies received relate to 
cases in which the main line railway 
and the light railway are either managed 
by one and the same administration or 
are under the control of the Government. 
The result is that in such cases the rela- 
tions between the two systems differ 
from those which are found where the 
two organisations are completely inde- 
pendent one of the other. 

Among the railways who have replied 
to the questionnaire we sent them, we 
have in the first case the South African 
Railways, the Nigerian Railways, the 

Morocco Railways, the French West 
African Railways, the Algerian lines of 
the Paris-Lyons-Mediterranean Railways, 
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the Ceylon Government Railways, the 
Dutch East Indies Railways, the Great 
Indian Peninsula Railway, the Buenos 
Ayres Southern Railway, the New South 
Wales Government Railways and, in the 
second case, the English Railways, the 
Irish Railways, the Egyptian Railways 
and the Corean Railways. 


I. — Construction . — Rolling stock. 


The conditions under which the coor-_ 
dination between the main line system. 


and the light railway system is carried 
out depends upon circumstances of con- 
siderable diversity. Such are: the object 
for which the light railway was con- 
structed, the gauge adopted for its track, 
the geographical situation of the railway 
systems in relation to one another, the 
nature of the districts served, the type 
of rolling stock used on each of the rail- 
ways, the degree of co-operation local 
circumstances make possible, the degree 
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of control exercised by the public author- 
ities, and finally the presence in the 
district of other competing methods of 
transport (water, road motor services). 

The light railways meet various ob- 
jects: they act as feeders to the main 
line system, by bringing to it traffic from 
regions that are either thinly populated 
or little developed economically, or they 
act as penetration railways in order to 
facilitate the development of agriculture; 
they may also be used to connect with 
the standard gauge railway particular 
places, such as manufacturing centres or 
largely attended markets. They are. gen- 
erally built to a narrower gauge than 
that on the main line system. 

The use by the light railways of a 
standard or narrow gauge depends above 
all on reasons of economy, the gauge 
adopted being determined by the smaller 
traffic expected, the doubt as to the 
result that will be obtained, by the kind 
of traffic (passengers only for example), 
by the facilities with which the line can 
be moved to follow, for example, the 
movement of the agricultural industry 
(Buenos Ayres Great Southern Railway). 

In some quite special cases the use of 
a narrow gauge has been due to political 
reasons (this was the case in Morocco 
where owing to the Algesiras Convention 
it would have been possible to build a 
railway to standard gauge at that epoch 
only with the financial participation of 
Germany, which would not have worked 
in with the strategical reason for the 
system. | 

Certain railway systems have found 
that in spite of the economies in the cost 
of construction, narrow gauge lines have 
certain drawbacks — additional operat- 


? : : : 
ing costs owing to transhipment, impos- 


sibility of distributing the rolling stock, 


greater number of train journeys owing 


_ to the low capacity of the trains, lower 


speeds, larger staff and high repairs 
cost — which can more than make up 
for such economies and cause the Com- 


y 


panies to decide not to build this sort of 
line in future (South African, Dutch 
East Indies, and Morocco Railways). 
The disadvantages mentioned above have 
been accentuated by the competition of © 
road motor vehicles. 

In Egypt certain factors additional to 
those which justified the construction 
of light railways make them still more 
necessary : the construction and main- 
tenance in good order of roads which 
would enable a road motor vehicle serv- 
ice to take away traffic from the rail- 
way are so expensive, during the wet 
season, that the railway becomes an in- 
disputable necessity. 


Nearly everywhere the light railways 
are arranged transversely to the standard 
gauge line and act as feeder lines; there 
is therefore no competition between the 
two systems.. It is exceptional for them 
to serve the same district; in Egypt 
where such a case does occur it has been 
agreed that the traffic shall be divided 
in such a way that part of the short- 
distance traffic shall go by light railway 
and the whole of the long distance traffic 
by the standard gauge system. The ~ 
systems are divided in sections separated 
by tributaries of the Nile. Where both 
systems run alongside one another a 
standard rate based upon the rates of 
the main line system and upon the short- 
est distance is applied. Im Morocco the 
duplication of the two systems is gra- 
dually disappearing. 

Rolling stock can only be exchanged 
between the two systems in cases where 
the light railway has the same gauge as 
the main line system; in this latter case, 
it may however be impossible to make 
such exchange, especially in the case of © 
the locomotives, owing to the permanent 


_ way structures or the track on the light 


railway being insufficiently strong. 
The gauges of the main line and light — 

railways on the different systems are as 

follows: , 


_ 


(a ae 


eit a i en ene 


RAILWAYS. 


Main lines. Secondary lines. 


a SS 


British Railways 


County Donegal Rys. 
South African Rys. 


(Ireland) 


Nigerian Railways . 

Ceylon Government Rys . 

French West African Rys . 
Morocco Railways . 

Egyptian Railways. 

Buenos Ayres Great Southern Ry. 
New South Wales Government Rys. 


478 1/2/" Varies between 4/ 8 1/2/7 
and 2/ 
5/ 377 3/ 
3/6” ar 
3/ 16/7 or 6/” 
5/ 6/7 2/ 6” 
3/ 3 3/8” Qf 
4/ 8 1/2// Q/ 
47,8 1/2 BED 1/2 
5/ 6/" oN" 


Same gauge. 


er 


The light railways are generally equip- 
ped to carry the same traffic as the main 
lines; the only exceptions are very 
heavy or bulky loads; in exceptional 
cases certain kinds of traffic are not 
conveyed: such is the case on the French 
West African Railways, where neither 
animals nor vehicles can be carried 
owing to the lack of suitable unloading 
ilatforms. 

It is only in Seeepivnal cases that 
traffic between two given points can be 
carried by two different systems; in 
Ireland this situation arises through the 
regime of free competition; in Egypt, 
where the same case arises, a common 
system of rates has been introduced. In 
Morocco this situation is gradually disap- 
pearing as the standard gauge is substi- 
tuted for the narrow gauge. 

The case of two systems separated by 
a canal is extremely rare; it is only 
found in Western Africa and Egypt; in 
these cases. the goods are transhipped 


- by hand. 


II. — Operation.. — Rates, 


In many cases no maximum period is 
fixed in which the goods must be con- 
veyed over the two systems, or even 
over one of them alone. Everything is 


‘ 


done however to reduce this time to a 
minimum, especially where road compe- 
tition is feared. 

On the Morocco Railways a maximum 
period is fixed. In West Africa this 
period is for the standard gauge system 
1 day per 50 km. (31 miles) or fraction 
thereof, plus two free days at the loading 
end and one day at the arrival end, for 
loading, making up trains, etc.; in the 
case of goods from the ports, an additio- 
nal period of 4 days is allowed in the 
place of 2.. On the light railway deliv- 
ery should be made on the day follow- 
ing that on which the goods are trans- 
ferred to it. In Corea the consignee 
should ask for his goods to be delivered 
within two days of the receipt of the 
arrival advice note. 

As regards the rates various methods 
have been applied: in certain cases the 
rates and carriage conditions are pre- 
pared freely by agreement between the 
two railways; in other cases they are 
fixed by the Government or an official 
organisation, or at least are subject to 
its approval; finally in others by the fact 
that the light railway belongs to the 
main line system the rates and condi- 
tions are the same on the two railway 
systems. 
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From the replies received it is not 
possible to determine upon what basis 
the agreements in force are based. As 
a general rule, as there is no competition 
between the two systems, no steps have 
been taken to prevent traffic which 
normally should go to the standard gauge 
being worked by the light railway sys- 
tem. In cases where such competition 
is possible, minimum rates are imposed 
on the light railway (Great Indian Penin- 
sula, Egypt), or the traffic is divided in 
certain proportions, the same rates — 
based upon the shortest distance — 
being applied between two points com- 
mon to the two systems. 

All the stations of one of the two 
systems accept traffic destined to each 
of the stations of the other system; the 
only exception to this rule is for stations 
at which there is no permanent staff. 

Certain light railways do not insure 
goods handed in for conveyance; those 
who do apply such insurance over the 
whole distance, with special rates on 
each of the light railway and the stan- 
dard gauge systems, for the respective 
distances conveyed on each of these 
systems. In England the insurance con- 
ditions are the same on the light rail- 
Ways as on the others. The conveyance 
of goods that have been insured is 
subject to special regulations and the 
goods are classified according to a spe- 
cial scale of rates. 

The consignor is required to make a 
true declaration of the nature of the 
goods and their value. Certain parcels 
cannot be insured unless they are sent 
by passenger train. The company 
accepting the goods insured reserves the 
right to make sure that the goods truly 
correspond to the declaration made and 
that they are properly packed; the 
receiving company reserves the right 
to inspect the insured goods on unpack- 
ing. Articles of great value are not 
accepted for conveyance except on re- 
ceipt of a written notice 24 hours before- 


hand so as to enable the railway com-- 


pany to take special safety measures for 
dealing with the traffic. 

The carriage charges are fixed and 
collected in some cases by the sending - 
station and in others by the receiving 
station. On certain systems the method 


of conveyance — carriage paid or car- 
riage forward — decides at which sta- 


tion the operations in question shall be 
carried out. 

The charges include, in addition to 
carriage charges, station charges, both 
at the sending and the arrival stations, 
loading, unloading and transhipment. 
In New South Wales certain kinds of 
goods are transported at rates which 
include loading and unloading, while 
goods in a lower class have to be loaded 
and unloaded by the consignor and con- 
signee; transhipping, where necessary, 
is done at the cost of the railway. On 
the Buenos Ayres Great Southern Rail- 
way the carriage charges and the supple- 
mentary charges are calculated separ- 
ately. 

With one exception, the replies receiv- 
ed do not show upon what basis” the 
accessory costs given in the rates are 
based; the Great Indian Peninsula Rail- 
way alone reports that these charges are 
based on the expenditure involved in 
assuring the traffic. 

Station charges are at the charge of 
the consignor or consignee according to 
the conditions under which the goods - 
are carried (carriage paid or carriage 
forward). These costs are paid, accord- 


ing to the railway, either by the des- 


patching company who supplied _ the 
wagons, or by the two railways. In this 
latter case the division of charges is 
made according to the particular rates 
of each of the railways; the sending 
station charges are included in the 
receipts of the sending system, the sta- 
tion charges of the receiving station in 
those of the receiving railway system. 
Joint stations are provided at the ~ 
junction of the light railway with the 


main line. eee in those cases when 


x 
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the two systems have different gauges. 
In most cases these stations are provided 
with tranship stages with the standard 
gauge on one side and the narrow gauge 
on the other; the provision of these plat- 
forms makes it possible to tranship 
general goods in full wagon loads. In 
other cases transhipment is directly 
from wagon to wagon, on two parallel 
tracks of the different gauges. The 
transhipment is made by hand or with 
the help of cranes. 

All operations in the joint stations are 
carried out either by joint staff of the 
two railway systems, or by the staff of 
the two railway systems at the same 
time, or by staff belonging to one of the 
two systems alone; in the latter case 
such staff belongs sometimes to [the 
standard gauge system, sometimes to the 
light railway. On the Buenos Ayres 
Great Southern Railway: this tranship- 
ment is carried out by special gangs at 
the cost of the consignee. In most cases 
the responsibility of the sending com- 
pany ends as soon as the transhipment 
has taken place, and the receiving sys- 
tem has taken delivery. In some cases, 
however, the responsibility is divided 
between the two systems and does not 
end until the goods have been handed 
over to the consignee, 

If damage occurs en route the com- 
pensation to be paid is determined either 
by the railway system responsible or by 


the receiving system alone, or by the 
two systems together. Damages found 
when transhipping are noted and agreed 
by the staff of the two systems. 

In Corea when it is not possible to 
decide which system is responsible the 
claim is distributed between the two in 
proportion to the length or to the capital 
of each of the two. 

Most of the light railway systems 
consulted are authorised, owing to road 
competition, to set up road motor serv- 
ices; generally this authorisation has 
to be granted by the Government. In 
Egypt the State Railways have also 
added a river service. These services 
can convey passengers and also goods. 
In this case they act as feeder lines to 
the railways, and cannot be set up to 
connect two places already served by 
railway. In England and in Egypt the 
authorisation to operate motor services 
is only given to standard gauge railways. 
On the Algerian lines of the Paris, Lyons 
and Mediterranean Railways, the road 
motor auxiliary services, are not. man- 
aged directly by the railway company 
but by subsidiaries. The contract drawn 
up by the railway system and accepted 
by the contractor must be submitted to 
the competent higher authority for ap- 
proval. Road services are there consid- 
ered as services which are distinct from 
the railway and have their own scale of 
charges. 


List of questions sent to the Railway Administrations. 


A, — Inception. — Lines. — Equipment. 


1. — What was the determining factor 
which justified the decision in favour 
of a light railway system in the region 
in which it is situated? In other words 


why was a standard gauge system not 


provided? pee 
2. — Does this reason still exist? 
3. — From the geographical point of 


view, does the light railway system run 


in parallel with the standard gauge sys- 
tem or transversally thereto? 


4, — Is the gauge the same on the two 
systems, so as to enable their rolling 
stock to be interchanged? , 


5. — Is the light railway system so 
equipped that all classes of traffic can 
be carried (just as on the standard 


gauge) ? A 
6. — Are’ there places which are 
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served by the two systems so that it is 
in practice possible to send goods by 
either one or the other system ? 

In this case, please give the reasons 
for the duplicated railway service. 


- 


7. — If the two systems are separated 
by a canal, what method for the transfer 
of traffic is used in practice? 


8. — Are the two systems (or one of 
them alone) limited — and that by law 
— to a maximum time within which the 
goods must be delivered at destination? 

In this event, what are the regulations? 


B. — Forwarding of goods. 
a) Regulations and rates. 


1. — Are the agreements (rates, car- 
riage conditions) under which the two 
systems work (as regards exchange 
traffic) the result of mutual agreement 
(freely concluded) or have they been 
made obligatory by virtue of laws or 
“regulations issued by the public autho- 
rities ? 

2. — What in fact are the bases of the 
existing agreements? 

Do they endeavour to avoid competi- 
tion from the light railways for traffic 
which normally should be carried by the 
standard gauge? 


3. — If this be so, what, in detail, are 
the measures taken to this end? 


As example : 


If two places are at the same time 
served by the two systems, can the light 
railway — in the case in which the 
distance is the same by the two systems 
— carry the same goods at a lower rate 
than that of the standard gauge system ? 

Same question for the case in which 
the distance by the light railway is 

shorter than by the standard gauge line? 
4, — Are all stations on one system 


permitted to accept goods for all the 
stations on the other system, or is this 


_ limited to certain stations? 


In this case, what is the reason for 
this limitation? : 


\ 


5. — If the loading system is allowed 
to insure goods, can it effect insurances 
over the whole journey, that is to say 
even over part of the other system ? 

In this case, should it apply its own 
regulations to the whole journey, or 
should it apply those of the receiving 
system to the mileage which concerns 
the latter? 

What in short is the practice in use 
as regards the insurance of goods inter- 
changed? 


b) Interchange of goods (that is to say 
sent from one system to another). 


1. — Does the loading station fix the 
charges for the whole distance and col- 
lect the amount? z 


2. — Do these charges (in addition to 
the cost of carriage properly speaking) 
include the station charges, cost of 
loading, of unloading and of tranship- 
ping ? 


3. — On what bases are these addi- 


tional charges drawn up (each category 


separately) ? 


4, — Who.is responsible for the station 
charges? 


c) Transfer of goods from the loading 
system to the receiving system. 


1. — Are there joint stations at which 
the goods are transferred? 

What equipment is provided for facili- 
tating transhipment, that is to say, are 


‘there platforms with the standard gauge 
on one side and the light railway on the © 


other? 


Are there special platforms for un-~ 


packed (raw) goods, etc.? 


What are the detailed arrangements 


for Besling with these ? ~ 


2. — Are there, at these stations, eit 


staffs (under both systems) or are there 
special employees of each system? 


3. — How is the actual transhipment 
done, and at what moment does the © 


ai cae wg of the loading eaters Viton 


a 


i 
a | 
a) 
of) 
. 
ot 
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4, — If on delivery, anything missing 
or damaged is noted, how is the com- 
pensation fixed? | 

Is it done by the joint staff « of by that 
of the destination station? ; 

In this case, what guarantee has the 
loading station that the compensation 
agreed by the destination station is in 
- fact reasonable or the claim well found- 
ed ? wee ee = 


5. — If the two systems be separeted 
by a canal — involving the use of a 


ferry — what in detail is the system of 


working | in sass: =< 


i Fe 


For this special case, please reply to 
each of the above four questions, 1 to 4. 


d) Use of motor vehicles ete. 


1..— Are the railways in principle 
authorised to set up transportation ser-. 
vices by water or by motor vehicles as 
auxiliary transport (each in its own 
area) ? 


2. —— In this case, what conditions are 


laid down as regards these auxiliary 


transportation undertakings, especially 
as regards goods which in practice can 
be carried by the standard gauge, or by 
the light railway system? ~ 


ent 
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INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


12th SESSION (CAIRO, 1933). 


QUESTION XIII: 
The use of rail motor cars on secondary railway lines, 


REPORT No. 3 


(Italy and Colonies; Africa except the British Dominions and Colonies ; 
Mexico; South America), 


by Mr. LA VALLE, 


Ingénieur, Inspecteur en chef, Directeur du Bureau Central du Conseil technique prés de l’Inspectorat général 
des Chemins de fer, Tramways et Automobiles, Rome, 


and Mr. MELLINI, 


Jngénieur, Inspecteur supérieur de 1’ Inspectorat général des Chemins de fer, Tramways et Automobiles, Rome. 


FIRST PART 


I. — Foreword. 


The question of rail motor cars has 
for some years been a subject for con- 


sideration for the technical and operat- 


ing officers of railways and tramways; 
only to mention recent information, we 
note that this question was discussed at 
the Congress of the International Union 
of Tramways and Light Railways at Bar- 
celona in 1926, at the subsequent Con- 
gress of the same Union at Rome'in 1928, 
and at the Madrid Session of the Interna- 


-tional Railway Congress Association in 


1930. 

The technique of manufacture has not 
greatly advanced during recent years, 
except in special cases, and the rail cars 
used at the present time are consequently 
in majority of types already proved by 
practice. s ass 

For this reason the information on the 


‘rolling stock which will be dealt with 
- i t 
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in chapter II, is given in a brief sum- 
mary. 

The limited number of replies received 
from the Administrations covered by our 
enquiry and the still more limited num- 
ber of definite replies, that is to say from 
Administrations using rail motor cars, 
led us to limit the present report to par- 
ticulars of the Italian lines, the Algerian 
lines, the Egyptian State Railways, and 
the Buenos Ayres Western Railway. 


This information in large part relates 
to tests which have been in hand for 
many years, and which, in: consequence, 
deserve consideration, 


II. — Particulars of the rolling stock. 


In Italy, on the Syracusa-Ragusa-Vizzi- 
ni Railway, two rail cars have been in 
service since 1928, after short prelimi- 
nary tests in 1926 and 1927 on the Na 


poli-Piedimonte-d’Alife line, to wit: a 
rail motor car built by the CEMSA Com- 
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pany, of Saronno, and an O. M. 
Milan, which have 


CEMSA rail motor car. 

Bogie vehicle. 

Total length . 

Width ‘ 
Distance between ‘bosis ental , 
Bogie wheel base . 

Tare weight ; 

Weight fully loaded 


A Mercedes petrol motor indie by the” « Deutstke Werke » 6 cylinders, 100 
s< 180 mm. (3 15/16 in. x 7 3/32 in.); 1000 revolutions per minute] 160 H. P., 
10-16-25-42 km. (6.2-10-15.5 and 26 miles) per hour. 


Four speeds: 
Two driving compartments. 

Luggage compartment. 

First-class compartment with 12 seats. 
Third-class compartment with 44 seats. 


Driving pairs of wheels: one per bogie. 


O. M. rail motor car. 
Total length ; 
Width © : 
Teas: between boaie cena : 
Tare weight . . 
Weight fully foaled % : 
Two motors of 75 H. P. [6 Sylind ees 120 x 


built by the « National Automobil Gesellschaft », of Berlin; 950 revolutions ; 


per minute. 


Two driving compartments. 


4 
4 speeds: 10-21-36-60 km. (6.2-13-22.4 and 37.3 miles) per hour. : 3 
¥ 


The Italian State Railways have had in 
service, since 1927 on the secondary 
lines, three rail motor cars like the 
CEMSA mentioned above and another of 
a similar type but smaller with a distance 
between bogie centres of 8.55 m. (28 ft. 
1/2 in.), 100 H. P. motor, 6 cylinders, 
140 x 160 mm. (5 1/2 in. x 6 5/16 in), 
1000 revolutions per minute, having 48 
seats and weighing empty 23 t. (22.6 
Engl. tons). 

A tramway company (the Trazione- 
Elettrica Lombarda Company) has had 
in service, since 1926, a 4-wheeled 
Schneider rail motor car 9.25 m. (30 ft: 
4 in.) long: 


Wheel base of 3.60 m. (11 ft. 10 in.). 


Two driving compartments, four- cylinder 
motor. 


rail motor car, } 
the following characteristics respectively : é 


built by the O. M. Company of 


17.00 m. (55 ft. 9 in.). 
2.50 m. (8 ft. 21/2 in.). 
12.50 m. (41 feet). 
1.55 m. (5 ft. 1 in.). 
23 t. (22.6 Engl. tons). % 
27 t. (26.6 Engl. tons). ‘ 


Sm ae ed yd ee 


17.00 m. (55 ft. 9 in.). 
2.50 m. (8 ft. 21/2 in.). 
1.80 m. (5 ft. 10 in.). & 
30 +t. (29.5 Engl. tons). 
34+t. (33.5 Engl. tons). 
170 mm. (4 3/4 in. X 6 11/16 in.)] 


Plate clutch with a Fieux make and break. | 

4 speeds 20-40 km. (12.4 to+24.8 miles) per a8 
hour. - : 

Cardan shaft transmission. ; 

Accommodation for 50 passengers, of which 
33 seats. 


A trailer of the same type is used. 

The same Company has had in use ° 
since 1927 a Renault rail motor car of 
45 H, P. with 2 radial pairs of wheels, 
one pair of which is driving : 


Weight 11.4 t. (11.2 Engl. tons). 
55 places of which 30 seats. : 
Two driving compartments. ; ee 
Speed 35 km. (21.7 miles) per hour. : 


On the Fidenza-Salsomaggiore line, of 
standard gauge, connected with the State — 
Railways there aes been in service, since 


~ 
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1926, an articulated train composed of 
two bodies on three bogies, the bogie in 
the centre carrying the motor. 


Each carriage is 10.90 m. (35 ft. 9 in.) 
long and has a driving compartment at 
the outer end; one of the bodies has room 
for 72 second class passengers, with seats 
for 36, and the other a luggage compart- 
ment and 18 first class seats. 


The motor made by the Continental 
Motor Company, of Detroit, has the fol- 
lowing characteristics : 


6 cylinders 114 x 146 mm. (4 15/32 in. x 
5 3/4 in.); working speed 2000 revolutions; 
H. P. 105; 4 speeds, hydrodynamical control; 
Itala 4-speed gear box; one pair of wheels of 
the center bogie is driven. 


Besides the above vehicles of the « rail- 
way » type, mention should be made of 
a light vehicle of the « motorbus » type 
built in accordance with the Narizzano 
patent, which has been tested from time 
to time since 1926, and which since 1930 

Length of body 

Width 

Maximum Waihi per reetles: 
Leading bogie . 

Trailing bogie . 3 
Weight of the rail motor car: 
Maximum speed . 

Seats, Ist-class: 8 

Seats, 2nd-class : 30. 

Standing places: 20. 


Luggage compartment, lavatory, 180-H. P. 
4-stroke, solid injection. 

Diesel motor, with 6 cylinders 200 x 270 mm. 
(7 7/8 in. X 10 5/8 in.); 750 revolutions per 
minute. 

Direct current dynamo, © 

with independent excitation directly coupled 
to the Diesel motor, to work as starting 
motor, 
the exciter for the dynamo, for charging 
the batteries, and for feeding the auxiliar- 
ies, driven by belt. 

2 traction motors in parallel. 

Battery of accumulators for starting electric- 
ally the Diesel motor and the auxiliaries. 


8* 


has been in regular service on the lines 
known as the « Ferrovie Salentine ». 


This vehicle has two pairs of wheels one 
of which is driving, with a wheel base of 
3.50 m. (11 ft. 6 in.); length 9.10 m. (29 ft. 
10 in); 28 seats and 10 standing places; single 
driving compartment; a Spa 4-cylinder 
motor, 100 x 140 mm. (315/16 in. x 51/2 in.); 
1700 revolutions per minute; 34 H. P.; tare 
weight 8.4 t. (8.26 Engl. tons) and weighing, 
when fully loaded, 12 t. (11.8 Engl. tons); 
hand and air brake. 

Change speed, reverse, reduction gear; 
whole forming a single unit on the Narizzano 
system; transmission by Renold silent chain; 
maximum speed on the level 44 km. (27.3 
miles) per hour. 


The State Railways have also in serv- 
ice Diesel-electric rail motor cars of the 
Fiat-Brown-Boveri type. 

The Diesel-electric bogie rail motor 
cars of the Fiat Company used by the 
Italian State Railways on standard gauge 
lines have the following principal cha- 
racteristics : 

17.00 m.(55 ft..9 in:). 
2.86 m. (9 ft. 41/2 in.). 
11.40 t. (11.2 Engl. tons). 
8.65 +t. (8.5 Engl. tons). 
44.00 t. (43.3 Engl. tons). 
55 km. (34.2 miles) per hour. 


The Italian State Railways have also 
a Fiat rail motor car of a smaller type 
used on the narrow gauge lines [0.95 m. 
(3 ft. 3 3/8 in.) gauge] in Sicily. 

The State Railways have also in con- 
tinuous service, since February 1932, a 
light rail motor car of the « motorbus » 
type, built by the Fiat Company and 
which has the Poe e general charac- 
teristics : 2 
Length of ie, 7m; (22 ft. 11 5/8 in.). 
Width, 2.35 m. (7 ft. 8 1/2 in.). 

2 pairs of wheels, the trailing of which is 
the driving pair. 
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Wheel base, 3.00 m. (9 ft. 10 1/8 in.). 

Fiat motor, 6 cylinders, 92 x 132 mm. (31/4 
in. X 5 13/64 in.); 2000 revolutions; 65 H. 
P.; 4 speeds and reverse. 

Maximum speed on the level 60 km. (87.3 
miles) per hour. 

25 seats; 9 standing places. 

Tare weight 6.6 t. (6.5 Engl. tons); service 
weight 9.4 t. (9.25 Engl. tons). 

Single driving compartment. 

Hand brake and foot brake acting on the 
wheels. 

Electric 
motor). 


starter (accumulators and small 


The rail motor car carries gear by 
means of which it can be turned for 
running in the reverse direction. . 

The consumption in service per 100 
km. is 35 kgr. of petrol and 1.5 kgr, of 
lubricating oil (124 lb. and 4.3 lb. per 
100 miles respectively). 

The rail motor car is able to haul a 
trailer which has 32 seats, carried on 
2 pairs of wheels, with a wheel base of 
3m. (9 ft. 10 1/8 in.) and a tare weight 
of 4.6 t. (4.5 Engl. tons). 

The Piacentina Tramway Company 
has had in service, since May 1930, a 
CEMSA rail motor car of the small pat- 
tern already mentioned in connection 
with the State Railways, on the Piacenza- 
Cremona line. 

Finally, on the Poggibonsi-Collé Val 
@Elsa Railway, since July 1931, a small 
« Ganz » 4-wheeled rail motor car has 
been used, one pair of wheels being 
driving, the wheel base being 2.80 m. 
(9 ft. 2 in.), the tare weight 4.3 tons and 
the numbers of seats 16. Other character- 
istics : 

N. A. G., Berlin, motor 4 cylinders 87 x 
136 mm. (3 7/16 in. « 5 11/32 in.) (1600- 
2600 revolutions); 24 H. P., 4 speeds (11- 
50 km. (6.8-31 miles) per hour; cardan shaft 
transmission; 2 brakes acting on the axles. 


* 
* 
Serro-Santuario della Madonna della 
Guardia line (near Genoa). — To com- 


2 pairs of wheels with 


plete our enquiry into the Italian exper- 
iments, we will mention a special line 
all on a gradient in one direction, 
which deserves to be reported owing 
to the special construction of its track 
which is carried on tarred concrete lon- 
gitudinal sleepers, and to the fact that it 
uses only rolling stock with explosion 
motors for traction purposes. 

The line is laid on a steep gradient of 
80 °/o (1 in 12.5) and the rolling stock 
has wheels with solid rubber tyres 200 
mm. (7 7/8 inches) wide; the wheels 
carry discs which act as flanges against 
flat projections on the four foot side of 
the concrete sleepers. 

The depth of the flange is 30 mm. 
(1 3/16 inches) when the rubber is new 
and increases to 70 mm. (2 3/4 inches) 
when the rubber is worn. 

Although the line has sharp curves 
[25 m. (1 1/4 chains radius) | experience 
has shown nonetheless that the cross in- 
clination of 1 in 20 given to the 2 con- 
crete rails is in itself sufficient to keep 
the stock central with the track. 


The length of the track is about 9 km. 
(5.6 miles), and the gauge 1 metre (3 ft. 
3.3/8 in.). 

The passenger service has been work- 
ed since 1928 by means of 6 rail motor 
cars built by the « Autoguidovie Ita- 
liane » Company of Piacenza — which 
also operates the line — the vehicles 
having the following principal character- 
istics : 


7.40 m, (24 ft. 3 in.). 
2.00 m. (6 ft. 6 3/4 in.). 


Length of body . 
Width . 


a wheel base of . 
Tare weight 6 tons; service weight 8 tons; 
18 seats; 10 standing places; driving from 
both ends. 


¢ 


Detroit Continental motor, 6 cylinders 104 _ 
125 mm. (4 5/64 in. x 4 29/32 in.) (2100 — 


revolutions), 80 H. P.; electric starting 
gear; 4-speed gear box and speed reduction 


[4 to 17 km. (2.5 to 10.6 miles) per hour]. 


-_ 


2.70m. (8£t10in.).. 
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Two hand brakes, one of which acts on the 
transmission gear and the other on the 
wheels. 


These rail motor cars and the type of 
rails have been selected in order to ob- 
tain a high degree of adhesion so as to 
be able to run up the severe gradient 
without special devices. 

The coefficient of adhesion has been 
shown, by the experiments carried out, 
to-be 1 -to-2-3. 


In May 1930 as turntables had been 
fitted at the ends of the line, two other 
rail motor cars similar to the preceding 
ones but shorter and with one less driv- 
ing compartment have been used; the 
fixed wheel base was reduced to 2.50 m. 
(Sift=2. 7/16 in.) 

On the Algerian lines of the French 
State there are in service Renault rail 
motor cars (type PF) with 6-cylinder 
engines 100 x 160 mm. (3 15/16 in. 
nO /LGRina)s 
lutions); tare weight 23 t. (22.6 Engl. 
tons); 4 speeds; electric starter; length 
of body 16.20 m. (53 ft. 2 in.); distance 
between bogie centres 11 m, (36 ft. 
1 in.); bogie wheel base 1.80 m. (5 ft. 
11 in.); body having postal compart- 
ment, and ist, 2nd, and 3rd class com- 
partments; total seats 84; one driver’s 
compartment; weight fully loaded 27 t. 
(26.6 Engl. tons); maximum speed 65 km. 


~ (40.4 miles) per, hour. 


The same Railway also uses Renault- 


Scemia rail motor cars with 4 cylinder. 


petrol motors type R S 125 x 160 mm. 
(4 29/22 in. x 6 5/16 in.), running at 
1 500 revolutions per minute, 35-40 H. P., 
4 speeds; length 9.40 m. (30 ft. 10 in.), 
carried on 2 pairs of wheels, wheel base 


of 3.60 m. (11 ft. 10 in.); there are 2nd. 
and 3rd class compartments, for 69 pas- 


sengers of which 39 seated; empty 
weight 11.4 t. (11.2 Engl. tons); maxi- 
mum speed 40 km. (24.8 miles) per hour. 

The Algerian State Railways have also 
de Dion petrol rail motor cars in serv- 


75-100 H. P. (2 200 revo-- 


ice, these being of the 2 H 2 type [4 cyl- 
inders;-.95 <-140°mm. (3°3/4 in. < 5 1/2 
in.)], engine running at 2000 revolu- 
tions, giving 15 to 22 H. P. 


Length of the vehicle. 6.15 m. (20 ft.2in.). 

Wheel base . 4.25 m. (13 ft. 11 in.). 

Luggage compartment, 2nd and 3rd class 
compartments, 44 places of which 21 seated. 

Tare weight . 5 tons. 

Body of the motor bus type. 

Maximum speed: 40 km. (24.8 miles) per 
hour. 

One driving compartment. 


Finally on the same System there are 
still in service Rowan steam cars which 
have a vertical water tube boiler : 

2 cylinders 165 x 130 mm. (6 33/64 in. 
amon l/Setts). 


100 H. P.; working at 15 kgr. (213 lb. per 
in?) pressure 

Fuel: coke. 

Length of the body : 10.80 m. (35 ft. 5 in.). 

The rail motor car is carried on 3 pairs of 


wheels with a motor bogie at the leading — 


end and a carrying pair of wheels at the 
other. 

The wheel base is 5.53 m. (18 ft. 2 in.). 

The motor is placed at the leading end; 
there are 2nd and 3rd class compartments; 
room for 42 passengers of which 36 seated. 

Tare weight: 13.3 t. (13.1 Engl. tons). 

Rod drive. 

Railway type of eae 

Maximum speed: 30 km. (18.6 miles) per 
hour. 

One driver’s compartment. 


These rail motor cars have been in use 
for nearly 30 years as mentioned in the 


report drawn up by Mr. Beghin for the 


Madrid Congress. 
* 
* * 
Paris-Lyons-Mediterranean Company 
(Algerian System). — This Company 


uses Berliet petrol rail motor cars of 
greater power and weight than those 


* , 
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mentioned in the report presented at the 
Madrid Congress 


The motor has 6 cylinders 125 « 140 mm. 
(4 29/32 in. x 5 1/2 in.); 75 H. P.; there are 
2 pairs of wheels the leading of which is 
driven; room for 52 passengers, 42 seated; 
there is a luggage compartment and a postal 
compartment; the tare weight is 15 t. 
(14.8 Engl. tons); the fully loaded weight 
19 t. (18.7 Engl. tons); the car is of the rail- 
way type; there is a driver’s compartment at 
one end; the maximum speed is 50 km. 
(49.6 miles) per hour (with or without trailer 
which weighs 8 tons); a single driver is used. 


The rail motor car has been in service 
at intervals during the last three years, 
and in continuous service for the last 
two years. 


* 
<3 * 


The other railways who have supplied 
useful information. are the Egyptian 
State Railways and the Buenos Ayres 
Western Railway. 


The Egyptian State Railways have had 
in service for the last two years steam 
rail motor cars with 150 H. P. engines, 
the cars consisting of articulated units, 
two bodies being carried on 3 bogies, 
the vehicles being built at Birmingham. 


Total length . 31.00 m. (101 ft.8 1/2 in.). 

Bogie wheel base. 2.30 m. (7 ft. 635/64 in.). 

Distance between 
bogie centres . 13.45 m. (44 ft. 2 in.). 

1st, 2nd and 3rd class compartments and ten- 
der in one of the bodies (2 tons of water 
in the tank and one. ton of coal). 

Luggage compartment, 3rd class compart- 
ment and boiler in the other body. 

109 seats. ; 

Total weight: 52.12 tons. 

The driving bogie is the middle one, and is 
under the tender and the boiler. 

The rail car has two driver’s compartments 
so that it can be driven easily from either 
end; it is fitted with hand brake and vacuum 
brake. It runs without a trailer and has a 


~ 


maximum speed of 60 km. (37.3 miles) per 
hour. 

The vehicle is driven by a driver assisted 
by a fireman. 

The Buenos Ayres Western Railway 
uses steam rail motor cars of the « Sen- 
tinel » type with 2 vertical cylinders 
of 100 H. P., with railway type of body, 
with ist and 2nd class compartments 
luggage compartment and lavatory; a 
total of 41 seats; total weight 26.4 tons; 
there are driving compartments at both 
ends; the maximum speed is 65 km. (40 
miles) per hour without trailer and 52 
km. (32 miles) with a trailer. 

The driving staff consists of a driver 
and a fireman. 


The rail motor cars with internal 
combustion motors which we _ have 
spoken about in this chapter have gener- 
ally : a gear box; cardan shaft trans- 
mission; electric starting and lighting; 
foot operated brake. 

Several of them also have compressed 
air or vacuum brakes, at least when 
hauling trailers; nearly all have 4 for- 
ward speeds and reverse and are fitted 
with roller bearing axle boxes. 

In Table I, the principal details of 
the rail motor cars in service are given. 

Before finishing this chapter we 
should also mention the Portuguese Mo- 
zambique Railways the Administration of 
which has reported that they have com- 
pleted (February 1932) the purchase of 
2 Diesel-electric rail motor cars for lines 
of a maximum gradient of 1 in 67, a mi- 
nimum radius of 120.m. (6 chains), and 
that the type with the following charac- 
teristics has been selected : 


8 cylinders; 200 H. P. at a pressure of 
720 mm. (28 3/8 inches) of mercury and at 
20° C. (68° F.); 900 revolutions per minute; 
weight of motor 2500 kgr. (5500 lb.); D. C. 


/ 
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TaBLe I. — Principal characteristics of the rail motor cars. 
Se . | 8 2 i 
RAILWAYS. Type of rail motor car. Bogies HP | ge as 2a BEd | £2 
or axles, ee a ee =o og tes Ee 
£5 Ao ae Se | Aa 
SE Bs 5 3 
Italian State . Cemsa, petrol. 2 bogies. 150 28 70 400 | 32 55 2 
Cemsa, petrol. 2 bogies. 100 23 45 510 | 24 55 2 
Fiat Diesel-electr. 2 bogies. 180 44 50 880 | 47 lao) 2 
Fiat Diesel-electr. 2 bogies. 150 | 44 50 880 | 47 55 2 
Fiat, petrol. 2 axles. 65 6.6 34 200} 9.4 | 60 il 
Algerian State Renault. 2 bogies. | 70-100] 23 54 420 | 27 65 1 
Renault, R S 4. 2 axles, 40 11.4 69 160 | 15 40 1 
De Dion, 3 H 2. 2 axles. 22 5 44 110 8 40 1 
Rowan, steam. 1 bogie. 100 13.3 42 510 | 16 350 1 
1 axle. 
P.L.M. (Algerian lines) . Berliet. 2 axles. 75 15 52 290 | 18.5 | 50 iI 
Egyptian State Steam. 3 bogies. | 150 | 45 109 410 | 52 60 2 
Buenos Ayres Western Sentinel, steam. 2 bogies. 100 26.4. 41 640 | 30 65 2 
Syracusa- Vissint Cemsa, petrol. 2 bogies. 160 25 56 410 | 27 42 2 
O. M., petrol. 2 bogies. | 2x75] 40 56 550 | 34 60 2 
Poggibonsi-Colle Elsa Ganz, petrol. 2 axles. 24 4.3 16 270 5.7 | 50 il 
Ferrovie Salentine . Narizzano, petrol, 2) axles, 34 8.4 24 550} 12 44 1 
type II. f 
Fidenza-Salsomaggiore. Laviosa, petrol. 3 bogies. | 105 | 24 80 500] 30 40 2 
Piacenza-Cremona . Cemsa, petrol. 2 bogies. | 100 | 23 48 470 | 26 42 2 
Serro-Madonna della Guar- Layiosa, petrol. 2 axles. 80 6 28 210} 8 17 |2and4 
dia. . ; 


I 1 


generator, type 280/32, giving 134 kw. at 
900 revolutions, voltage 200 to 600 series, coil 


- excited by battery, weight 1760 kgr. (3 875 


Ib.); flexible coupling; water and oil cool- 
ers; two D. C. motors in series; power 61 kw. 
at 320 volts and 1120 revolutions per minute; 
55 seats, 6, Ist-class, 17, 2nd-class, and 32, 
8rd-class, room for 20 passengers standing. 
Upholstered chairs are provided in the case 
of the 1st and 2nd classes, and wood seats in 


the 3rd. There is a small luggage compart- 


ment, but no compartment for the post. The 


weight is 48.5 tons. 


The fuel consumption expected is 200 gr. 
(2.44 Ib.) of oil per H. P.-hour. 


III. — Particulars of the lines. 


In Italy, rail motor cars are in service 
on standard and narrow gauge lines 
(0.95 m. (3 ft, 3 1/8 in.) with gradients 
of 1 in 40, and curves as small as 100 m. 
(5 chains) radius for the standard gauge 
and 80 m. (4 chains) for the narrow 
gauge. — es 3 

The Egyptian State Railways have in 
service steam rail motor cars on stan- 
dard gauge secondary lines on the level 
with large radius curves ; and the case 
is the same with the Buenos Ayres West- 
ern Railway. 
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In Algeria [gauge 1.055 m, (3 ft. 5 9/16 
in.)] the State railway system uses Re- 
nault rail motor cars on lines with a ma- 
ximum gradient of 1 in 100 and a mi- 
nimum radius of curve of 200 m. (10 
chains), and Rowan steam rail motor 
cars and small Renault and de Dion ve- 
hicles on the lines with sharp curves, 
25-50 m. (1 1/4 to 2 1/2 chains) with 
gradients up to 1 in 33. 

In Table IJ the main characteristics of 
the lines operated are summarised. 


IV. — Operating results. 


The rail motor cars dealt with in the 
present report have been in use for 
varying periods; several among them 
have been in use since 1927 and even be- 
fore that date. 

From tests carried out or being made 
in Italy and the replies from Administra- 
tions in other countries, it appears that 
generally the rail motor cars give satis- 
faction ; that the costs of repair are not 
excessive and in several cases even lower 
than those expected: that the replace- 
ment of parts.is easy and simple and that 
the time out of service for repairs and 
overhauls is also kept within narrow 
limits. 

The average consumption of fuel, pe- 
trol and oil, for motors is generally be- 
tween the limits of 16 to 20 gr. per tkm. 
(14.77 to 18.46 drams per Engl. ton- 
mile). 

Although certain questions were put to 
the Administrations and these have’ sup- 
plied some indication as to the repair 
costs, wages, and total expenses, this in- 
formation cannot be given here as by 
itself it is of little value ; moreover in 
view of the different values of currencies 
and varying exchange rates, especially at 
the present time, no convincing deduc- 
tions could be drawn from them, 

The speed on the level lies between 40 
and 60 km. (24.8 and 37.3 Talee) per 
hour. 


The bes are driven nearly always | 


—_ 


* 


md 


by a single man (2 in the case of the Die- 
sel-electrics). 

The working is in all cases cheaper 
than with steam because of the saving in 
the wages of the staff; it is the same for 
the minimum consumption of fuel due to 
a smaller consumption when running 
and to no fuel being used during stops. 

The weight per passenger place is 400 
to 500 kgr. (880 to 1100 Ib.) in the 
petrol rail motor cars with « railway » 
bodies and 200 to 300 kg. (440 to 660 Ib.) 
for rail motor cars with the light « mo- 
torbus» type of body. 

The weight is notably greater in the 
case of the steam rail cars, and greater 
still in the case of the Diesel-electrics. 

In Table III the principal pene re- 
sults are summarised. 


V. — Summary.” 


Substantially all the tests considered 
above apply to rail motor cars with me- 
chanical transmission, mostly with ex- 
plosion motors; some haye steam motors, 
often of types in use before 1928 and 
which since that date have made scar- 
cely any progress. This is due to the 
fact that in Italy, and also elsewhere, 
the high price of the first rail motor 


cars of each type has not encouraged the. 


oper ators who, more than anybody, in 
view of the limited traffic and economy 
of operation, would have been disposed 
to put them into service ; to state it brief- 


.ly the purchase price was prohibitive for 
many administrations, and those who — 


made trials with them did so on a very 


limited scale ; in many cases they only | 


used a single machine of one type, re- 


taining also in service the whole of the | 


stock used when operating by steam. 


The whole of the above conditions 
were obviously most unfavourable to ex-_ : 
perimenting with rail motor cars on ay, 


large scale. 
The fact that their use ae not become 


general has not favoured any appreciable ; 
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technical improvement, nor a reduction 
in the prices of the stock. 

Furthermore, the Railway Administra- 
tions are always giving more attention 
to the integration of their proper func- 
tions — large quantities and long dis- 
tances — by road motor services and in 
this way the motorbus has hindered the 
already difficult development of the rail 
motor cars. 

We are of the opinion, however, that 
so long as a railway line already in ex- 
istence can be operated usefully it should 
be preserved; it is always an inheritance 
and a source of wealth which if needs 
be can demonstrate its utility even when 
doubt has been cast on the latter. 


And if,moreover, certain railway sery- 
ices can be replaced by road motor 
services, there is nothing technically and 
financially to hinder the working of a 
service of motor coaches on the rails, by 
the use of rail motor cars of the « rail- 
way » type or, if needs be, of the « mo- 
torbus » type, provided that it is not a 
question of traffic over lines situated at 
too great a distance from the inhabited 
centres. a 

The rail motor cars on rails are cri- 
ticised because their first cost is too 
high — an element which always varies 
and which can be reduced if the use of 
these cars is made more general. 


These drawbacks are as a rule to be 
~excluded in the case of machines with 
electrical transmission ; as regards the 
other machines with mechanical trans- 
mission the experience in cases of which 
we have direct knowledge has not been 
unfavourable in the case of the services 
with rail motor cars adapted to the rail- 
ways and for lines with easy gradients 
on which any necessary extra capacity is 
obtained by being able to use trailers. 

_Further technical progress may easilv 
‘enable the conditions to be improved, 
but it depends on the devon pent: of 
‘the service in question. _— 

The visible and effective limitation of 


the use of rail motor cars with internal 
combustion motors is due above all to the 
inability of the motor, in practice, to give 
very wide variations of power ; conse- 
quently unless excessive power be used, 
they can only be utilised in a proper 
manner on lines with gradients of less 
than 1 in 33 ; but this problem is in reali- 
ty a eacial one, because we see that 
the motorbuses running on the road fit- 
ted with motors of the same kind are 
used widely even on steep and long gra- 
dients. 

The real defect of the rail motor 
coach, as compared with the road mo- 
torbus, is its excessive tare weight. 

In this report, no mention has been 
made of the omnibus type of rail motor 
car on pneumatic tyres, because these 
have not yet been tried in the countries 
considered in this report. 

As regards the steam motor cars they 
naturally have not the above mention- 
ned drawback ; but here it is a question 
of machines which, even if they have 
been highly developped technically, as 
those used on the Egyptian System, and 
on the Buenos Ayres Western Railway, 
cannot be used on a large scale in view 
of their price, financial reasons in all 
countries requiring the greatest economy 
and the substitution for coal of definitely 
cheaper fuel with a saving of staff and of 
the work done by the staff. 

Moreover the two cases of steam rail 
motor cars — however favourable — in 
the countries considered in this report, 
are not sufficient by themselves for any 
general conclusions to be deduced and 
since it is a question almost exclusively 
of machines made in England, better and 
better-founded factors — because they 


relate to greater a number of applications 


— will be brought out in other reports 
on this subject. 

The economic crisis through which 
the world is passing today is the cause 
of another drawback : a machine. that 
can be used with advantage from the 
general point of view, i. e. financial, in 
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the country where it is built, is not at the 
present time, owing to the high protec- 
tive duties, equally suitable in other 
countries where there own manufactu- 
rers are producing other types of ma- 
chines. 

The result is that in each producing 
country it is necessary, in practice, to 
limit oneself to carrying out experiments 
with rolling stock wholly or partially of 
national manufacture. 

However, at least in the countries in 
question, the trial of rail motor cars has 
brought out one factor favorable to their 
adoption, because it continues to give sa- 
tisfaction to the administrations, even 
though of relatively recent use. 

The trials already carried out to pro- 
vide a service of light and frequent 
trains — such as are required on several 
railway systems — on lines of limited 
traffic, with the object of attracting a 
greater number of passengers, or to avoid 
their loss, due to too long intervals be- 
tween trains, have shown that the rail 
motor cars can give an efficient service, 
satisfactory to the public and cheaper, 
but — and we would stress this point — 
it would be well to extend their use so 
as to make it more useful and more 
economical to the railway companies 
and through mass production to get down 
to a much lower cost of construction, 
equal to that of motor omnibuses. 

The conclusions taken at the Madrid 
Congress are we think still valid in sub- 
stance if the slight modifications result- 
ing frony our enquiry are made; i.e. : 


1. Above 150 H. P., the Diesel-electric 


rail motor car has to be used owing to 


the difficulty of the mechanical change 
of speed, unless technical progress pro- 
duces mechanical change speed gears, 
differing from the present type, which 
are more or less the same as those in use 
on motor omnibuses. ‘ 


2. In order to get a real benefit froin 


the rail motor cars, a wider use must be 


made of them, on a service adapted to 
them, and in actual substitution of steam 


services, which will lead to a better and 
cheaper utilisation of the rail motor car. 
The builders will be encouraged to pro- 
duce types in series with reasonable sel- 
ling prices; otherwise the production 
and the use of rail motor cars will not 
overcome the dead point of the present 
position. 


SECOND. PART 


After having considered, from a strict- 
ly technical point of view (First Part), 
the question of the rail motor cars to be 
used on secondary railways, it is useful 
to tackle one of the most urgent and im- 
portant of the problems applying to 
these lines with little traffic : that of the 
effect of the practical results of the ap- 
plication of these new methods of trac- 
tion on the vitality of these railway com- 
munications, that the present world fi- 
nancial crisis, and the ever growing 
competition of motor vehicles, have put 
in extremely unfavourable if not hope- 
less conditions. 

Before examining ihe details of the 
question, it would be as well to report 
here some of the replies given by the 
Administrations to which the question- 
naire was submitted. 


a) Italian State Railways. 


(2nd question). — The rail motor cars 


ought to give a service as satisfactory as 
that given by road motor vehicles, from 


.the point of view of the average speed, 


frequency of services and fares; their 
characteristics should be naturally in re- 
lation with the characteristics of the 
lines to be worked. 


(3rd question). — The local condi- 


- tions and the real importance of the com- 
petition made by the road motor vehicles 
should be looked into : it would not be 
possible, for example, to retain to the 


railway the passenger traffic in the cases 
in which the railway lines are some dis- 
tance away from the towns and eM oe 
served ‘by the road vehicles. 
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b) Paris-Lyons-Mediterranean Railway. 
(Algerian lines). 


(1st question), — The rail motor coach 
can be an economical machine on a se- 
condary line, where it is not in compe- 
tition with a passenger service with road 
motor vehicles. It appears however that 
it is of no value except on lines where 
the operating methods can be simplified. 

Transport of goods, even on _ lines 
with very reduced traffic, will make it 
necessary to use steam traction, so long 
as there has not been built a more pow- 
erful type of rail motor coach, which 
can trail 2 or 3 goods vehicles, at the 
same time that it covers the passenger 
traffic by the seats it provides. 


It appears moreover that for the fu- 
ture, the solution of the powerful rail 
motor car is to be found in the use of 
the Diesel engine. It is in this direction 
that we shall direct our enquiries if we 
are to develop the use of rail motor cars. 


(2nd question). — The running speed 
should be at least-equal to the commer- 
cial speed of a road motor vehicle, that 
is 50 km. (31 miles) per hour. The rail 
motor coach should have a margin—of 


- speed of 10 km. (6.2 miles) at least above 


this figure. The acceleration should be 
such as will enable it to get away quick- 
ly; 4 speeds would appear to be useful; 
the weight should be reduced in order 
not to overload the motor on gradients. 
The weight per axle should be a maxi- 
mum of 14 tons on the standard gauge, 
and 12 tons on the narrow gauge, The 


rail motor car should not require more 


than 2 men to operate it. Its motor ought 
to be of ample size. 


(3rd question). — Yes, if the time ta- 
bles have been well selected and if the 
rail motor cars are able to carry luggage 
and parcels traffic. The stations must, 
however, be near the towns. — No, in 
the opposite case, the road motor coach- 
es have the advantage that they serve the 
towns directly. ; . ; 


c) Algerian State Railways. 


We consider in fact the rail motor car 
to be one of the basic factors in operat- 
ing secondary lines in an up to date way. 
But we have not yet come to the trial 
stage as regards the methods of traction, 
except as regards the petrol motor (rail 
motor cars with Diesel motor; electric 
traction, mechanical drive; locotractors, 
pnheumatic-tyred-cars, etc.) and we can- 
not in consequence give any precise in- 
formation on the general problem of the 
replacement of steam locomotives by rail 
motor cars for the transport of passen- 
gers on secondary lines. 


d) French West African Railways. 


In our opinion, the rail motor car can 
remedy in certain cases the harm done 
by road motor competition. The ques- 
tion however is complex and its solution 
should be appropriate to the operating 
conditions of each system. We have 
just taken up its study on the Thiés to 
the Niger Railway. We have in mind 
the use of rail motor cars running at a 
speed slightly higher than that of the 
trains now running on the same sections, 
and which with a trailer can provide ac- 
commodation for about 100 passengers, 
with a small luggage compartment. 


e) Tunisian Railways. 


The secondary lines of this system 
run through districts which are rather 
poor and where there are few towns and 
these generally rather far away from the 
stations serving them. From this fact 
the road is more convenient than the 
railway and road motor competition has 
become very serious. It appears quite 


clearly today that we shall not be able 
to. retain to our secondary lines their_ 


passenger traffic, whatever rolling stock 
is used in working these lines. Under 
these conditions we have prepared and 
to some extent have already put into op- 
eration a programme involving the sup- 
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pression of the passenger trains on most 
of the secondary lines and their repla- 
cement by services of motor coaches giv- 
ing the same facilities. 


f) Cordoba Central Railway (Argentine). 


The rail motor cars can be of use 
for suburban and secondary railways 
with moderate traffic, when about 50 
miles long. These rail motor cars should 
be of the articulated type, and should be 
light, with an axle weight not exceeding 
15 tons. They should have 60, ist and 
2nd class, seats, and be fitted with pe- 
trol, petrol-electric or Diesel motors. 
The latter (of about 250 H. P.) is the 
one preferred. 


g) Egyptian State Railways. 


The rail motor coaches should have 
the following characteristics: able to 
run in both directions, without having 
to turn the vehicle; moderate fuel con- 
sumption; fuel and water supplies cor- 
responding to the requirements; light 
weight; high rate of acceleration; mo- 
derate maintenance and repair costs. 


h) Lourenco Marques Harbour 
and Railway (Mozambique). 


(1st question). — Yes, if the rail mo- 
tor cars are used on lines without too 
many gradients. 


(2nd question). — The average speed 
should not be less than 40 km.(25 miles), 
seeing that light lorries can reach 
this speed on the competing routes. The 
rail motor cars can be used-already on 
light railways laid with rails weighing 
30 kgr. (60 Ib. per yard), and require, 
to drive them, one European employee 
less than the steam trains. ~ 


(3rd question). — Yes. It is just for 
this reason that we are adopting rail 
motor cars on our syslem. 


(4th question). — We prefer Diesel- 


’ 


electric rail motor cars, in order to get 
cheaper operating costs. 


* 
* * 


The remarks and information given 
above by different Railway Companies 
and State Railways, essentially favour the 
adoption of petrol rail motor cars (and 
similar systems) on suburban lines and 
on secondary lines generally, they also 
very clearly confirm that the most effi- 
cacious remedy for restoring to a healthy 
condition railways with little traffic, hit 
as they have been by the present crises 
and by the competition of road motor 
vehicles, should be looked for in the for- 
mula : Light, fast, and cheap trains. 


The speed of the services has to be con- 
sidered today as one of the most impor- 
tant factors for recovering the passenger 
traffic on secondary lines, which in re- 
cent years, have lost a considerable part 
of their customers owing to the presence 
of other methods of transport which 
were much faster than the old tramway 
trains hauled by an ordinary steam loco- 
motive. To this consideration must be 
added the need of turning to the use 
of light, or very light trains, proportion- 
ing their composition to the real needs of 
the traffic, as far as to form if necessary 
trains of one single vehicle (the rail 
motor car) with a considerable economy 
of staff. This system of light trains can 
in certain cases be joined up with the 
numerical reduction of the trains work- 
ed each day, when the traffic is almost 
nil; on the other hand and in most cases 
it will make it possible to increase the, 
existing number of trains, with a view 
to recovering the traffic taken away by_ 
other competing methods of transport, 


and to acquire new traffic by the facility — 


and the speed of the journeys. 

The light train can therefore be re- 
duced to the most simple and economi- 
cal composition, and transform itself 
into a petrol or heavy oil molor bus run- 
ning on the rails. 


\ 
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From this point of view it is quite na- 
tural that the choice of the most favour- 
able system for providing light trains 
should clearly lean to the different types 
of rail motor cars with internal com- 
bustion engines, seeing that steam trac- 
tion is hardly suitable for small powers 
and that the electrification of railways 
and tramways requires important and 
expensive installations, which can only 
be adopted when the traffic exceeds a 
high minimum density. 


The use of light type trains hauled by 
a rail motor car with a single driver and 
another employee (guard) would appear 
to best meet the needs of suburban traf- 
fic when the following considerations 
are taken into account : 


a) Maximum flexibility, through the 
increase in the number of trains in the 
hours when the traffic in densest. The 
uniform make-up of the trains makes it 
possible to reduce to the minimum the 
space between two following trains, not 
only by the uniformity of acceleration at 
starting and of the running speeds, but 
also by the time required for passengers 
to get in and out of the cars. The old 
system of increasing the composition of 
the trains during the rush hours requires 
the use of locomotors in place of rail mo- 
tor cars and has been shown generally 
to be less elastic. 


b) Maximum frequency of trains. 
c) Maximum frequency of stops. 


These are very remarkable advantages, 
especially for the suburban services of 
large cities and industrial towns. 

Furthermore it is obvious that a light 
train makes it possible to obtain : 


a) The greatest acceleration when star- 
ting, and the greatest retardation when 
stopping at the different stations, with 
very high train speeds when running 
over short distances. 

b) The greatest reduction in the oper- 
ating expenses, owing to the reduced 
weight per place provided; the possibi- 


lity of making arrangements so as to have 
the highest possible coefficient of occu- 
pation of the available places; wages re- 
duced to the minimum, by using two 
men only in each irain. 

The rail motor car with petrol motor 
or heavy oil engine has characteristics 
which are yery favourable for working 
in the most economical and up to date 
way railways with little traffic, in the 
case in which electrification cannot be 
considered as a solution financially re- 
commendable; this explains clearly the 
very real interest that secondary railway 
circles take in the rail motor car even 
though from the technical point of view 
the problem cannot be considered so 
far as completely solved, and the price 
of the said rail motor cars is still extre- 
mely high. 

The same remarks can be made as re- 
gards_ electric-accumulator rail motor 
cars. 

As regards the rail motor cars on pneu- 
matic tyres, under test, the trials so far 
appear to have given very favourable re- 
sults, in particular on lines of loeal and 
secondary railways, with little traffic. 
These vehicles run without much noise, 
they take the points at crossings well; 
they get into speed very quickly and 
have a brake system which acts equally 
rapidly and which does not interfere 
with the comfort of the passengers; they 
are able to run on level and _ straight 
lines at 70 to 80 km. (43.5 to 50 miles) 
in ordinary service. Their cost price 
is not very high and the consumption of 
petrol is below that of a motor omnibus 
of equal power. They should have a 
great future, particularly on poor lines 
and for auxiliary services. 

But the problem of the use of these 
new systems of traction in order to im- 
prove the present very serious position 
of the light railways cannot be consi- 
dered other than as part of the much 
more vast and organic question of res- 
toring secondary railways to a condition 
to meet the ever-growing demands of the 
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passengers, so as to be able to overcome 
the very serious present period of crisis, 
to be in condition to meet the formidable 
road motor competition, and above ail 
to arrive at the point of winning back the 
favour of the public. 

It is necessary to modernise, simplify 
and transform, for reasons both financial 
and progressive, the operating systems, 
with the help of arrangements sometimes 
daring and novel, especially when it is 
a question of railways with little traffic, 
whose budget has become during the last 
years more and more in deficit and 
whose past-vitality has now been turn- 
ed into agony. 

When the different improvements 
adopted to set up an economical and mo- 
dern working do not produce positive 
results, it is well to abandon the artificial 
forms of vitality, such as extraordinary 
and temporary subsidies from the public 
authorities or the towns, and to recog- 
nise that the railway in question has 
come to the end of its work and its life. 
In most of these cases public road mo- 
tor services well organised can give 
much more favourable returns for the 
concessionaire and the public. 


It must be remembered in this respect 


that nearly all the railways were built 


sibility and advantage of their preserva- 
tion, is a very delicate one; this situa- 
tion, aggravated by the results of the 
present world crisis, forms one of the 
most difficult problems to be solved in 
each case in which a railway can no 
longer exist on ifs own resources or is 
no longer in a position to meet the just 
demands of the population served. 

In Italy, for example, a very elaborate 
programme is being developed for the 
partial or total replacement of the old 
secondary railways and tramways by 
full, up to date road motor services for 
passengers and goods, fully meeting the 
requirements of the districts. As an 
example we may mention the Milan-Me- 
legnano-Lodi tramway of a length of 
33 km. (20.5 miles) the receipts of which 
were about 100 000 lire per km., (160 000 
lire per mile) and which at the end of 
the period of concession will be aban- 
doned and replaced by an intense, fast 
and convenient service of motor vehicles 
giving full satisfaction to the public. 


= 
* * 


The modern operation of secondary 
railways and tramways would appear 
therefore to get further and further away 


before the road motor vehicles had en- 
tered into tourist, industrial and com- 


from steam traction and to show its pre- 
ference for electric traction, for petrol or € 


mercial use in the different countries; 
and that the old regulations and methods 
of operation — many of which are still 
in force — were got out when the rail- 
ways represented the only rapid me- 
thod of public transport. It must also be 
recognised that in the past the Govern- 
ments themselves have built. or granted 
concessions to build railways in very 
poor districts, solely with the object of 


leading to the revival and development 


of such districts, especially as at that 
period the railways had in fact a mono- 
poly of transport, a state of affairs which 
at the present time no longer exists. To- 
day the position, as regards the vitality 
of these secondary railways and the pos- 


- 


similar rail motor cars. : 

The use of these rail motor cars is 
however very backward in most of the 
countries and railways with which we 


are dealing, whereas we have already — 


almost everywhere — railways and tram- 
ways operated electrically on modern, ~ 
economical and rational lines, well wor- 
thy of mention. 

We believe it useful therefore before 
coming to any conclusions to give here 
some information on a secondary rail- 
way electrically operated, built recently 


in Italy, with modern and at the same : 


time bold ideas, and which will be open 
to working in a few months time; al- | 
though the problem is a little outside the | 
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question which we are considering, it 
may interest a Congress of railwaymen 
by better bringing out the limits and re- 
quirements which have to be met today 
in the construction and working of a 
modern secondary railway. 


* 
* * 


The railway in question runs from Pia- 
cenza to Bettola, and its construction 
was authorised in 1928 to replace an 
old steam tramway no longer meeting 
the needs of the region. 

The company holding the concession 
considered that if the working of a new+ 
ly built railway was to be healthy and 
prosperous financially, the most modern 
technical knowledge must be used, even 
were the costs of installation considera- 
bly increased thereby. 


The old Piacenza tramway system had 
seen its passenger traffic reduced to 
1/3rd of what it was after the war, owing 
to the competition of omnibuses and pri- 
vate cars. It should of course not be 
forgotten that the average speed of the 
trains was 12 to 15 km. (7.5 to 9.3 miles) ; 
that the carriages were built nearly 50 
years ago, and were most uncomfortable, 
and that there were very few trains: 
usually 4 daily in each direction. These 
conditions caused the public to give up 
more and more this method of transport. 

In the same way the goods traffic had 
been hindered by the lack of any proper 
connection with the State Railways, ow- 
ing to the unfavourable characteristics of 
the track, the sae tcrent: section of the 
rails, etc. 

The new system of 92 km. (57 miles) 
of railway — of which the Piacenza-Bet- 
tola line of 32 km. (20 miles) is the first 
section — will be connected with the 
Piacenza station of the State, and with 
almost all the industrial plants of the 

district, so as to make is easier to recov- 
er most of the local commercial and 
transit traffic. 

The minimum radius the curves has 


been raised to 300 m. (15 chains); the 
gradients are nowhere greater than 1 in 
50. The track is laid with flat bottom 
rails weighing 36 kgr. (72 lb. per yard), 
and 18 m. (59 ft. 5/8 in.) long laid on 25 
sleepers, so that very high speeds can be 
run. The Company intends to run from 
Piacenza to Bettola in 40/45 minutes in- 
stead of the 2 hours 10 minutes taken at 
the present time. 

The line will be electrically operated, 
using 3000-volt direct current. Each 
transformer substation — completely au- 
tomatic — will be equipped with 2 mer- 
cury vapour rectifiers, each of 1 000-kw. 
power, with automatic voltage regula- 
tion,'in order to use the energy as econ- 
omically as possible. The control of 
the distribution will be centred at the 
Piacenza substation, in order to reduce 
the value of the relative peak load. 

The rolling stock for the passenger 
service consists of rail motor cars and 
trailers with a driving compartment. The 
multiple control fitted makes it possible 
to run also with the trailer in front. 

The mechanical part of the rail motor 
cars and the trailers is identical. The 
total length over buffers in 20.50 m. (67 ft. 
3 in.). The headstock and the bogies 
(supplied by the Fiat Company) are of 
cast steel of the Commonwealth type. 

For the first time, the 3 000-volt elec- 
trical equipment has been completely ar- 
ranged under the floor of the vehicles, 
without it being necessary to build a 
high tension compartment. 

The electric equipment is self-starting 
and multiple control; this reduces to a 
minimum the starting and acceleration 
time as well as the power used. 

The passenger doors are pneumatically 
controlled; the control, from the leading 
end of the. train, opens or closes all the 
doors on the right or on the left side. 

The electric LOS is directly off the 
high tension. 

The total tare weight of the rail motor 
car so equipped is 54 tons and carried 
on two bogies. The car can carry 18 
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first-class passengers and 75 third-class 
passengers sitting and 100 standing. The 
running speeds can be as high as 100 km. 
(62 miles). 

The line is equipped with the Ericsson 
block system signalling arranged for 
automatic train control, and the line is 
operated under central control with se- 
lector telephones. 

The equipment of the track is substan- 
tial and modern; the plano-altimetric 
characteristics adopted are very favour- 
able; the vibration in the interior of the 
vehicles is reduced to a minimum even 
at the highest speeds; the travelling 
times between stations are short; the 
heating and the lighting of the trains are 
very satisfactory. All these things make 
it possible to hope that the public will 
be led to like and prefer this method of 
transport. Furthermore, as has already 
been said, various layouts and certain 
equipment will make it possible to work 
the line very cheaply particularly 
through the reduction in the staff work- 
ing it. All the electric services starting 
~ from the substation where the energy is 
converted, function without staff. 


Conclusions. 


The considerations and observations 
brought out in the second part of the re- 
port appear to lead to the following con- 
clusions : 


1. The rail motor car, with internal 
combustion motor, has to be considered 
as one of the methods of traction which 
meet modern operating requirements on 
secondary railways and tramways with 
little traffic. ope 


2. The principal characteristics of this 
type of rail motor car should be : 


a) high normal 'running speed higher 
— at least — than 50 km. (31 miles) per 
hour on level and straight sections. 


b) a high degree of acceleration, 
which will make it possible to obtain 


equally high average speeds. This con- 
dition is of particular value for railways 
on which there are many stations, and 
where it is necessary to work almost a 
suburban service. 


c) a light weight, relatively to the 
number of seats provided for the pas- 
sengers. 

d) a capacity slightly higher than the 
normal requirements of the trains with 
little traffic. 


e) a sufficiently powerful motor to 
haul another vehicle during the hours 
and days when there is heavier traffic. 


f) two drivers’ compartments, or only 
one, but placed in such a position that 
it is possible with safety to operate the 
rail motor car or the train in both direc- 
tions. 


3. The use of the rail motor car (with 
internal combustion or any other fype of 
motor) cannot be considered sufficient 
in most cases to put light railways and 
tramways with little traffic into a heal- 
thy position in times of crisis or when 
they are subjected to very heavy compe- 
tition by road motor services This alter- 
ation of the traction system must be ac- 
companied by the necessary modernisa- 
tion of the equipment and the simplifica- 
tion of the operating methods, to meet 
the ever growing demands of the public, 
and in particular'to provide fast and fre- 
quent trains and moderate rates. 


4, Finally it must be recognised that in 
certain cases the secondary railways and 
tramways can no longer meet the public 
requirements so that it would be quite 
useless to consider the use of rail motor 
cars and any other modernisation of 
their installations and working. In 
these cases it is better to recognise that 
the task of the railway is ended and that 
it is better to replace it by a modern 


system of road motor transport. 


- Rome, April 1932. 
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APPENDIX. 


Questionnaire relating to Question XIII : 


Use of rail motors cars on secondary railway lines. 


FIRST PART. 
I. — General characteristics of lines operated 
by rail motor cars. 


, Maximum gradients. Lengths. Curves. 
Minimum radii. Gauge. How many pas- 
senger, goods or mixed trains run daily on 
each line ? 


Il. — Particulars of the rail motor cars. 
a) Do you use rail motor cars driven by 


steam, by accumulators, by internal com- 


bustion motors, or by other means ? 


b) Type of motor. General characteristics. 


Power. 
c) Brief description of the vehicle. 
Number of seats — number of standing 
places. — 


Luggage compartment. 

Postal compartment. 

Weight. 

‘Method of connecting the motor to the 
frame. 

Frame of the vehicle, whether railway. or 
automobile pattern. 

Method of Suerte 

Clutch. 

Transmission ucthes mechanical, electri- 
cal, or other. 

Brake. 

Heating. 

Lighting. 

Electric, compressed air, or other type of 
warning devices. 

Driving compartment at one end only, or 
at both ends. . 

Method of turning in the case of there 
being but one driving caer aner. 

Special equipment. = 


Ill. — Maximum and average speed with 


and without trailer. 


IV. -— Are the trailer or trailers of a spe- 


cial type ? 


V. — How many men are used at the same 
time on a rail motor car ? 

In the event of 2 men being used, does 
the second help the driver in working the 
car ? 

How is access to the driving compart- 
ments obtained ? 


VI. — Does the rail motor car run every 
day ? 

Do you consider it advisable to send it 
into the workshops periodically and after 
what mileage ? 


VII. — Average annual mileage run by 
the rail motor car. 

Number of days stopped for repairs. 

Can the motor readily be removed so that 
a spare motor can be utilised ? 


VIII. — Nature of the principal defects 
reported. 
IX. — Have you carried-out tests with rail 


motor cars having compound wound motor 
with regeneration ? 

— With rail motor cars on solid rubber 
or pneumatic tyres ? 

— With rail motor cars which are capable 
of running either on the rails or on the road? 

— With rail motor cars of some other 


type ? 


What results have you obtained ? 

Results : 

a) Consumption of petrol or other fuel per 
100 km.; : 

b) Ditto for lubricating oil; 

c) Cost of staff (only including the staff 
on the vehicle). Indicate the nee of 
employees; 

d) Cost of repairs per kilometre; 

The figures given correspond to an expe- 
rience of how many years ? 

e) Total cost per kilometre of a rail mo- 
tor car. : 
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SECOND PART. 


1) Do you consider the rail motor car 
(regardless of the nature and the power of 
the motive energy) as one of the basic ele- 
ments in the modern operation of second- 
ary lines? 


2) What are the characteristics that you 
consider indispensable in rail motor cars. to 
assure the vitality of a secondary railway 


namely from the point of view of the run- — 


ning speed, of the acceleration, of the weight 
and of the staff required. 


3) Do you consider that a secondary rail- 
‘way line service covered by rail aoe cars 


— 
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and including a sufficient number of light 
and fast trains, is likely to retain the pas- 
senger traffic of the line even when there 
is road competition ? 


4) Have you in this case any preferences | 


for rail motor cars of particular features ? % 
If so, what are they ? 


5) Have you any practical information to 
communicate upon the general problem of 
the replacing on secondary lines for passen-_ 
ger traffic steam locomotives by electric rail — 
motor cars, accumulator cars, internal com-_ 
bustion Os (petrol, sDuesete et or 
others ? 
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OBITUARY. 


Don Félix BOIX, 


Managing Director of the North of Spain Railways, 


Member of the Permanent Commission of the International Railway Congress Association. 


We have learnt with much regret of 
the death of Don Félix Boix Merino, 
Engineer, Managing Director of the North 
of Spain Railway. Company, member of 


the Permanent Commission of the Con-— 


gress. An eminent personality in the 
railway world, the deceased took a very 
active part in the Madrid Session, He it 
was who at the inaugural meeting wel- 
comed the members of the Congress, as 


President of the Delegation of the Com-- 


panies to the Higher Railway Council. 

Born at Barcelona on the 26 May 1858, 
Don Félix Boix in 1880 terminated his 
studies as engineer of roads, canals and 
harbours. After having occupied various 
positions in the public services, he com- 
menced his railway career in 1888 when 
‘ 
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he was put in charge of the construction 
of the line from Plasencia to Astorga. 
In 1891 he was made Technical Manager 
of the Madrid, Cacérés and Portugal 
Company. In 1904 he joined the North 
of Spain Company as Assistant Manager, 
which Company he remained with for 
the rest of his career. He was appointed 
Manager on the 1 June 1908. For more 
then thirty years, during which the rail- 
way had to pass through difficult per- 
iods, he put at the service of this Com- 
pany his great qualities both as qa man 
and as an engineer, taking the greatest 
interest in technical matters, the impro- 
vement of the equipment, track and roll- 
ing stock, the improvement of the serv- 
ices, the welfare works set up for the 
benefit of the staff, and in all economic 
and financial questions. His great ability - 
resulted in his being delegated as coun- 
sel for the Central Aragon and the Bilbao 
to Portugalese Railway Companies and 
the Saragossa Tramway Company. 

Don Félix Boix was also well known 
for his researches into the history of art. 
A great collector and critic, he was a 
member. of many Spanish institutions 
for the protection and development of 
the fine arts, such as the Prado Museum. 

As a member of the Local Organising 
Committee for: the Madrid Congress and 
Vice-President of the General Office of 
the XIth Session, Don Félix Boix was 


deeply interested in the work of the Con- 


gress and was among those whose efforts 
made a success of this Session, 

We wish to express our most respect- 
ful sympathy to his family. 


The Executive Committee. 
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In this book, the Chief of the Statis- 
tical Service of the German State Rail- 
way Company gives a comprehensive 
picture of the statistical work under- 
taken by the railways in general and by 
the German State Railway Company in 
particular. He shows how an organi- 
sation was evolved for handling figures 
in. such a way as will reflect the activi- 
ties of these huge undertakings. 

Modern conditions have led to great 
reliance being placed upon statistics. 
Prior to the war the use of statistics 
could still be limited to demonstrating 
the continuous development that was 
occurring, but in the greatly altered cir- 
cumstances of the present day, statistics 


are called upon to deal with the every-_ 


day working of the systems and_ to 
exercise continuous supervision over it. 
By grouping and comparing the material 
that is constantly supplied to it, the 
statistical service is able to provide an 
analysis of the conditions at any moment. 

By the aid of statistics, railway author- 
ities are able to satisfy themselves, and 
also the public, as regards the opera- 
tions, aims, and achievements of their 
systems, and through the same statistics, 
- material is placed at their disposal that 
enables them to present the results ob- 
tained, in a convincing manner. This 
statistical work after passing through 
many phases and undergoing continuous 
refinement of its methods, has now 
shown itself to be one of the most valua- 
ble means of assisting the daily adminis- 
trative work, in that it provides accura- 
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tely and promptly complete information 
on which to base the consideration of 
any subject requiring attention. 

This book which is entirely free from 
academic or dogmatic points of view, 
by its skilful presentation makes us 
familiar with the fundamental problems 
and the varied technique of modern 
railway statistics. A world of figures 
that might. alarm many observers, is 
made alive and comprehensible in this 
treatise, for it points out the main ideas 
underlying the statistical services of rail- 
ways and shows how the unwieldy mass 
of individual records is co-ordinated 
and made to yield results of ever increas- 
ing value. 

The author devotes special attention 
to the means of perfecting railway sta- 
tistics, to the organisation of the statis- 
tics of the German State Railway Com- 
pany, and to the inception and develop- 
ment of that service. The statistical 
methods of other railways are carefully 
examined in a comparative and critical 
appreciation. 

This excellent 


book deserves. the 


widest notice because of the striking and 


skilled as well as lucid manner in which 
the various questions ‘are handled. In 


addition to railway Administrations it 
will be of special service to those inte-, 


rested in the study of political economy 
and scientific management in universi- 
ties and colleges. There is no doubt 


that it will be of value also to all those — 


whose interests are bes bound > ais 
with the railways. 
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